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Determination of Liquid Scintillation 
Counting Efficiency by Pulse 
Height Shift 


L. A. BAILLIE 
Sinclair Research Laboratories, Inc., 
Harvey, Illinois 


(First received 7 August 1959 and in revised form 8 October 1959) 


A method has been developed by which liquid scintillation counting efficiency can be 
determined simultaneously with the count. The two scalers of a liquid scintillation spectro- 
meter are set to count simultaneously different parts of the spectrum. ‘The ratio between the 
counts on the two scalers can be used as an accurate index of the counting efficiency on one 
of them. This method saves considerable time compared with the conventional internal 
standard method and appears to be of equal or greater accuracy. 


LA CARACTERISATION DE L’EFFICACITE D’UN COMPTEUR LIQUIDE A 
SCINTILLATION AU MOYEN DU DEPLACEMENT DE LA HAUTEUR 
DES PULSATIONS 


On a produit une méthode pour caractériser l’efficacité de comptage d’un systéme liquide 
a scintillation simultanément avec le comptage méme. Les deux circuits intégrateurs d’un 
spectrométre a liquide scintillant servent a compter simultanément des portions différentes du 
spectre. Le rapport entre les chiffres des deux intégrateurs peuvent donner un index exact de 
l’efficacité de comptage d’un des deux instruments. Cette méthode économise beaucoup de 


temps en comparaison avec la méthode conventionnelle a étalon interne et semble avoir une 
précision pareille sinon supérieure. 


OMPETEIEHHWE J®OERTUBHOCTH skRUTRUX COMA THLITAUWMOHHBIX 
CHERTPOMETPOB HIO CABUPY BEJIMUYMHbIE UMILYIbCA 

Pa3zpadoraH MeTO, NO3BOIAOUIM ONpeqesiuTh 3pPeKTUBHOCTL *UARUX CUMHTHIIAMMOH- 
HbIX CIe@KTpOMeTpOB B Tpomecce uamMepeunii. [pa MepecueTHbIxX ycrTpoiicrBa AM AKOrO 
CIMATHLIAMMOHHOPO CIeEKTPOMeTpa UCHONb3VIOTCA JIA OHOBpeMeHHOrO U3MepeHNA pas- 
IMYHBIX YacTeli CleKTpa. OTHOMeHHe CUeTOB DTHX JBYX VCTpOiicTB MO*KeT CILYRUTH KpU- 
TepHeM adPeKTHBHOCTH Kavkoro M3 HUX. OTOT MeTO jlaeT 3HATUTe.bHYIO DKOHOMIIO BO 
BpeMeHH 110 CpaBHeHMIO C OOBIYHBIM MeTOJOM BHYTpeHHero CTaHapTa, OOecHeuuBaA TAaKY1O 
Ke WIM OObULYIO TOUHOCTH. 


BESTIMMUNG DER EMPFINDLICHKEIT VON FLUSSIGEN SZINTILLATIONS- 
ZAHLERNMITTELS IMPULSHOHENVERSCHIEBUNG 

Es wurde eine Methode entwickelt, durch welche die Empfindlichkeit von fliissigen Szintil- 
latoren gleichzeitig mit der Messung der Zahlrate bestimmt wird. Zwei Zahler eines fliissigen 
Szintillatiorspektrometers werden so eingestellt, dass sie gleichzeitig zwei verschiedene Teile 
des Spektrums messen. Das Verhaltnis der Zahlrate an beiden Zahlern kann als genaues 
Mass fiir die Zahlempfindlichkeit eines der beiden verwendet werden. Diese Methode erspart 
viel Zeit verglichen mit der iiblichen internen Standard-Methode und liefert gleichzeitig eine 
bedeutend héhere Genauigkeit. 


L. A. Baillie 


INTRODUCTION 


EXPERIMENTERS using liquid scintillation 
counters frequently find that the accuracy 
and speed of their radioassays depend largely 
upon the determination of counting effi- 
ciency. A method is described here by which 
counting efficiency can be determined from 
the ratio of counts in two different parts of 
the pulse height spectrum. 

In liquid scintillation counting, the radio- 
active sample is added to a vial of “liquid 
scintillator’, which consists of a fluor dis- 
solved in a solvent, usually toluene. An 
energetic electron originating in the sample 
results in the emission of many photons of 
light through a process involving both the 
solvent and the fluor. These events, occur- 
ring in much less than a microsecond, are 
detected by photomultiplier tubes. The sizes 
of the resulting pulses are in proportion to 
the number of photons reaching the photo- 
multipliers. ‘The pulse height analyzer sorts 
the pulses according to amplitude and 
presents them as accumulated counts on the 
scalers. The ““Tri-Carb” liquid scintillation 
spectrometer ™*, used in these experiments, has 
three discriminators and two scalers, en- 
abling it to count two different parts of the 
pulse height spectrum simultaneously. 

When the sample is added to the scintil- 
lator, the scintillation process is usually 
quenched to some degree, resulting in a 
certain loss of counting efficiency. This can 
occur by any or all of the following mecha- 
nisms: 

‘1) Chemical quenching, specifically in- 

hibiting the energy transfer processes. 

(2) Dilution of the scintillator which can 

lead to effects similar to chemical 

quenching. 

Color quenching, where some of the 

photons are absorbed before leaving 

the vial. 

Poor optics, where some of the photons 

are lost due to such factors as non- 

uniform glass and moisture on the 

outside of the vials. 

In spite of all of these quenching processes, 
counting efficiencies can be determined by 


* Manufactured by Packard Instrument Company. 


the internal standard method. This method 
involves first counting the sample, then 
adding a measured amount of radioactive 
standard, and then recounting. The incre- 
mental counts from the standard indicate 


Number of pulses ——- 


Pulse height ——+ 


Fic. 1. Unquenched. 
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the counting efficiency of the original sample. 

Unfortunately, when accurate data are 
required on many samples, this method 
becomes quite time consuming. Unless the 
standard is measured carefully, the accuracy 
of the determination suffers. Since the 
efficiency determination depends upon the 
difference between two counts, statistical 
error also degrades the accuracy, especially 
when the sample is more active than the 
standard. 


The method discussed here utilizes the 
fact that all types of quenching apparently 
result in an attenuation of light output. The 
effect of this, diagrammed in Figs. | and 2, 
is a downward shift of the pulse height 
spectrum. Hence, when quenching occurs, 
the ratio of pulses in the B-C window to 
those in the AA’—C window will drop. This 
effect, although well known, has not to our 
knowledge been generally applied to the 
measurement of efficiencies.“~*) 


EXPERIMENTAL 


The system described here was set up and 
calibrated in the following way. A number 
of counting vials were made up, each con- 
taining the same measured amount of carbon- 
14 activity. These were quenched to varying 
degrees by three different mechanisms. Eth- 
anol and CCl, were used as_ chemical 
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® CCl, 
Asphalt 

7 Dye 
Dilution 
Reformate 


xlO0O 


Color quench | g 


ea Dilution and 
chemical quench 


24:5-7OV pulses 
10-70 V pulses 


10 20 30 40 50 60 70 
Counting efficiency, % 


Fic. 4. Pulse height-efficiency correlation for 
carbon-14. 


quenchers, asphalt and a red dye as color 
quenchers, and hexane and pentane as 


diluents.‘*®) The discriminators were ad- 
justed so that one scaler counted the full 


range of pulse heights (AA’—-C window) and 
the second scaler counted only the stronger 
pulses (B-C’ window). By trial and error, 
a setting was found where the ratio B-C/ 
AA’-C seemed to change at about the same 
rate as the efficiency. This setting, which 
best satisfies the conditions mentioned below, 


xl100 


@ Ethanol 
Asphalt 
Dilution 


35-70OVpulses 
1O-7OV pulses 


6 7 8 
Counting efficiency, % 


5. Pulse height-efficiency correlation for 
tritium. 


may vary somewhat from one machine to 
another. These data are plotted in Fig. 4. 
The procedure was repeated using tritium 
standards, and the data plotted in Fig. 5. 


DISCUSSION 


In general, the experimenter must attempt 
to find a discriminator setting that will 
minimize the effect of statistical errors upon 


his final, calculated answer. There are two 
conditions for this. 
(1) The ratio of B-C pulses/AA’—C pulses 


4 La 


must change at nearly the same rate as the 
efficiency in the AA’-C window. Stated in 
another way, where 
pulses) . k = efficiency, k must be as nearly 
constant as possible with changing efficiencies. 
It can be seen from the Appendix that k 
cancels out of the expression for the fractional 
statistical error when it is treated as a 
constant, but it will not in general cancel 
out if it is a function of A/N, defined as 
B-C pulses/AA’—C pulses. In the latter 
case, statistical errors will be magnified 
somewhat. 

2) The ratio of B-C pulses/AA’—C pulses 
should be as large as possible at normal 
counting efficiencies. 

Obviously,some compromise must be made 
between conditions (1) and (2). The experi- 
menter will generally find these conditions 
easy to satisfy with the more energetic 
emitters, normally counted at high efficien- 
cies, and difficult to satisfy with weak 
emitters, normally counted at low efficien- 
cies. An analysis of statistical error is 


included in the Appendix for the case where 


condition (1) is satisfied; that is, £ is constant 
with varying efficiency. 

Once a curve of the type shown in Fig. 4 
is plotted, the assay of a radioactive sample 
is simplified. Net counts per minute on both 
scalers are recorded since the pulse height 
distributions of the background do _ not 
represent the sample. The ratio of these 
counts, when referred to the curve, gives 
the counting efficiency directly, and net 
disintegrations per minute can be calculated 
at once. 

Examination of the curves in Figs. 4 and 
5 shows that dilution and chemical quench- 
ing appear to have the same effect on the 
pulse height patterns relative to counting 
efficiency. When color quenching becomes 
strong, however, it follows a separate curve. 
It also appears that, in the case of tritium, 
a small shift in the pulse height spectrum 
produces a relatively large change in count- 
ing efficiency. This is probably unique for 
tritium which emits electrons so weak that 
they are barely detectable by any means. 
It appears, then, that light attenuation by 
color causes more pulses to be rejected by the 


(B-C pulses/AA’-C 
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coincidence network than are rejected due 
to a corresponding reduction of light output 
by the fluor itself. The behavior of tritium 
counting efficiency with respect to quenching 
suggests that small fractional reductions in 
the light output of weak events tends to cause 
a disproportionate number of events to be 
rejected by the coincidence system. 

These effects, which limit the general use- 
fulness of this method, are somewhat difficult 
toexplain. The fact that two photomultipliers 
must see an event before it can be counted 
introduces possible mechanisms by which an 
event can produce a countable pulse on the 
primary photomultiplier which will be re- 
jected because insufficient light has reached 
the monitor photomultiplier. ‘This, in turn, 
means that geometrical effects, which would 
be different for color quenched solutions, 
would play a part in the rejection of pulses 
by the coincidence network. It is possible 
that single photomultiplier liquid scintil- 
lation counters may some day become 
practical, contingent upon the development 
of low noise photomultipliers. Although no 
experiments have confirmed this, it may be 
that the method described here would be 
even more generally applicable when used 
with such devices. 

In spite of the limitations discussed above, 
the pulse height—efficiency system retains 
considerable usefulness. Unless the sample 
is highly quenched, no distinction need be 
made between color quenching and other 
types of quenching. Only when the sample 
is strongly quenched by a combination of 
mechanisms including color does a general 
curve of the type shown in Fig. 4 become 
inapplicable. Even in such cases as this, it is 
possible to plot a new curve using the colored 
material in question as the quencher. A few 
quenched standards counted in this way 
could save considerable time if a large 
number of such samples must be counted. 

The error analysis included in the Appen- 
dix shows that, in the case where £ is constant 
with varying efficiency, the fractional error 
in the answer due to random changes in the 
disintegration rate is the same as the frac- 
tional error in the upper, or B—-C window. 
Since the number of pulses appearing here is 
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always smaller than the total pulses, the error 
in the answer will usually be larger than the 
standard fractional error in the count itself. 
By referring to the curve in Appendix (1), it 
can be seen that in the case of C™ it will 
generally be larger by a factor of 1-3—-1-4. 
The data in Table | experimentally verify this. 


Tasce 1. Effect of statistical error on overall accuracy 
using a carbon-14 sample giving 336 counts/10 sec 


% Error in °, Error in 


counts/10 sec disintegrations/10 sec 


5-65 
L. 3-87 
4-76 
0-0 
2-98 
2-68 
5-65 
0-89 
| 2-98 
-2-38 
6°85 
— 3-87 
~0-60 


Arithmetic mean error in disintegration/10 sec 


Arithmetic mean error in counts/10 sec 


When efficiency is determined by means 
of an internal standard, error is introduced 
in several ways. In addition to the statistical 
error of the count itself, there is statistical 
error in the efficiency determination. ‘This 
is small when the standard is much more 
active than the sample and becomes larger 
as the sample becomes more active. Any 


error in the amount of standard added 
contributes directly to the error of the assay. 

Although the optimum method of assay 
depends on the sample and the amount of 
time available to spend on it, the pulse 
height—efficiency method will lead to advan- 
tages for most routine counting. A tabula- 
tion of pros and cons will summarize the 
matter. 


Limitations 

(1) Poor overall accuracy in the case of 
tritium, due to large relative changes in 
counting efficiency with small pulse height 
shifts. 

(2) Not useful with strongly quenched, 
colored samples, unless a special curve is 
plotted for them. 

(3) Slightly inferior accuracy for very low 
level, quenched samples. 


Advantages 

(1) Considerable time savings in routine 
counting. 

2) Improved accuracy for hot samples. 

3) Elimination of error due to measure- 
ment of the standard. 

(4) Samples may be recounted at a later 
time, since no standard has been added. 
This is a matter of some significance where 
the sample is limited, and duplicates are not 
readily available. 
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APPENDIX 


Referring to Fig. 3: 
Let A = pulses in B-C window 
B = pulses in AA’—B window 
N = pulses in AAC window 


D = calculated disintegrations 
E = counting efficiency in AA’—C window 
k = empirical constant. 
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In total disintegrations 
| 


Standard fractional error 
' 
Nm 
4 
= 


04 05 06 


B-C pulses 

AA’—C pulses 
Fic. 6. Effect of pulse height distribution on statistical 
Fractional error resulting from stand- 


error. Z, = 
Fractional error 


ard error in B-C pulses. Z, 
resulting from standard error in AA’-B pulses. 
Z = Total fractional error. 


Then 


where a and # are constant at constant efficiency and 
x and » are fractional errors in a and 6 due to random 
changes in the disintegration rate. Substituting in 
equation (5), 


(b + by)? 


2 dy 
Az 
= x 


é /(OD\ dx 
1 iS 
x ‘fe Allee 


" dx 
Since x and y vary independently, = 0 and 
ay 


dy on a 
— = 0. 
dx 


(6-25 


(16) 


i fv / B ei» 
AD, = z| a + 4) dy = 2B( e ae 
0 4 A 


(17) 


where AD, and AD, are the increments in D due to 
x andy. Let the errors in N, A and B be the standard 
errors; that is, WN, A and 1/B respectively. 
Then the fractional errors in N, A and B will be 
1/VN, 1//A and 1//B respectively. Substituting 
1//A for x and 1/4/B for y in equations (16) and (17), 


1 B 
AD se (#” 


K\* ~ ae (18) 


2 » \ 
AD, = (2 4 (19) 


It will be useful to express the fractional statistical 
error in the result D in terms of the basic fractional 
error in the count 1/4/N, and the ratio of pulses 
in the B-C window to those in the AA’—-C window. 
To do this, A and B must be expressed in terms of 
Nand A/N. Using equation (2), 


A 


(21) 
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Substituting in equations (18) and (19), @ _ AD KA/N _2A/N 
, AINY1U2 1_ NAIN)?2 er ae ee 
ai (A A/N) Po (N + 2 AjN)" (29 
me KWAN) 
2 


N 


} 


(N — N A/N)32 


y 


2 
a oe Fee. 
KS geile KN A|N 
(23) 


\ 


Let Z, be the fractional error in D when x = 1//A 
Z, be the fractional error in D when y = 1//B 
Z be the fractional error in D when x = 1/4 


and » = 1//B. 


International Journal of Applied Radiation and Isotopes, 1960, Vol. 8, pp. 8-19. Pergamon Press Ltd. Printed in Northern Ireland 


The Efhciency Tracing Technique for 
Eliminating Self-absorption Errors in 
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This paper examines in detail the validity of a standardization technique recently described 
by Merritt e¢ al. in which the advantages of the 47 S-y coincidence method in eliminating 
self-absorption errors are extended to pure f-emitters by the addition of suitable p—y “‘tracer”’ 
nuclides. Calculations based on several models for the self-absorption process together with 
further experimental results supporting the method are presented and compared. The use of 
these theoretical considerations in making corrections for complex disintegration schemes in 
coincidence counting is discussed. The application of this “tracér’’ technique to nuclides 
having complex disintegration schemes is demonstrated for Rb*® and the result used to obtain 
a value of 8-7 + 0-2 per cent for the fraction of disintegrations populating the 1-08 MeV level 
in Sr°°. 

LA TECHNIQUE DE TRACEURS D’EFFICACITE POUR ELIMINER LES 
ERREURS D’AUTO-ABSORPTION DANS LE COMPTAGE 47 DES PARTICULES 

Cette communication fait un examen détaillé de la validité d’une technique d’étalonnage 
que Merritt ef al. ont décrite récement ou les avantages de la méthode 47 /-y a coincidence en 
écartant les erreurs de l’auto-absorption sont portés aux émetteurs f/ purs par Vaddition de 
nucléides convenables f-y comme “‘traceurs’’. Des calculs basés sur plusieurs modeéles pour le 
procédé de l’auto-absorption, ainsi que des résultats supplémentaires donnés par |’expérience 
en support a la méthode, sont présentés et comparés. On discute l’emploi de ces considéra- 
tions théoriques pour corriger les systemes de désintegration complexes dans le comptage a 
coincidence. On montre avec le Rb®® l’application de cette technique de “‘traceur’’ aux nucléides 
dont les schémas de désintégration sont complexes; emploi du résultat donne la valeur de 8,7 

- 0,2 pour cent pour la proportion des désintégrations se trouvant dans le niveau 1,08 MeV 
dans le Sr**. 


IIPHMEHEHUWA METOJIA “‘MEWEHbBIX AJTEP’? (LTA YCTPAHEHMAL OWIMBOR, 
OBYCIOB-TEHHbBIX CAMONHOPTONTEHWEM, IPH WS83MEPEHMM—l3.1TY YEH 
CYUETUMROM C TETECHBIM YIPVIOM 47 

B nacrosimeii padore WaHo MOApoOHOe paccMoTpeHHe MpMMeCHMMOCTH MeTOAUKM CTaHjapr- 
U3alMi, ONMCAaHHO HeqaBHo Meppurom um Ap. UM atolleli BO3MOAKHOCTh MCHO.1b30BaTb 
lipeuMyllectBa MeToja f-y COBNayeHMii B 4a TeOMeTpPUM I YCTpaHeHiA OWIMOOK, OOVC.1OB- 
I@HHBIX CaMOMOPIONleHHeM, TakvKe It B CTyYae YNCTHIX f-M3.1yyaTedeli, MyTeM OOaB.1eHnA 
COOTBeTCTBYIOWWMX ‘‘MedeHBIX sep’’. Ilpupegqenbl pacuerbl WIA HeCKOJIbRUX MOj{e/IbHBIX 
MmpomweccOB CaMONOPIOWleHiA MW ano CpaBHeHue MX C [aIbHeltMHMMM dKCHepMMeHTaIbHbIMI 
pe3yIbTaTaMH, MOATBeEPATAWWMMH MWpaBMIbHOCTb 9TOTO MeTOWa. OdcyAaercA MpumMeHit- 
MOCTb 9THX TeEOPeTHYeCKHX COOOpPameHnHil pM BHECeCHHM NOMpaBOK B C1OAKHbIe CXEMBI paciiajla 
lipu cyere coplagzennii. Bo3smoaHoctn MpuMeHeHuA TakOii MeTOAUKM ‘‘Me4eHbIX Ayep”’ 
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K Aj[paM, paciiaj] KOTOPHIX MpOucxOAUT MO COAKHO CXeMe, TOKA3ZaHbI Ha TipumMepe Rb*. 


M3 M0uly4ueHHBIX pe3y/IbTaTOB BbIBe},eHO 
KOTOPble MpHBOAT K ypoBHto 1,08 mop Sr*, 


BHayeHHe 8,7 + 0,2 


WIA TOW YacTH pactayos, 


DIE EMPFINDLICHKEITSPRUFTECHNIK ZUR VERMEIDUNG VON FEHLERN 
INFOLGE SELBSTABSORPTION BEI DER 47 S-MESSUNG 

In der vorliegenden Arbeit wird im einzelnen die Giltigkeit der Standardisierungstechnik 
geprift, welche kiirzlich von Merritt et al. beschrieben wurde, in welcher die Vorteile der 47-f-y 
Koinzidenzmethode zur Vermeidung von Fehlern infolge von Selbstabsorption auf reine 
$-Strahler ausgedehnt werden, indem geeignete /-y-strahlende Nuklide als Tracer beigefiihrt 
werden. Berechnungen, welchen verschiedene Modelle des Selbstabsorptionsprozesses zugrunde- 
liegen und neue Versuchsergebnisse, welche die Methode stiitzen, werden angegeben und 
miteinander verglichen. Die Verwendung dieser theoretischen Uberlegungen beziiglich der 
Korrekturen fiir komplexe Zerfallsschemata bei der Koinzidenzmessung wird diskutiert. 
Die Anwendung dieser ““Tracer’’-Methode fiir Nuklide mit komplexem Zerfallsschema wird an 


Rb** demonstriert und das Ergebnis wird dazu verwendet, einen Wert von 8,7 


- 2% fiir die 


Anzahl der Zerfalle zu bestimmen, welche zum 1,08 MeV-Niveau des Sr® fiihren. 


SELF absorption has long been recognized 
as a serious error associated with 47 /- 
counting using deposited sources. Estimates 
of self-absorption corrections have been made 
by the observation of the size of the crystals 


forming the deposit and the application of 


macroscopically determined absorption co- 
efficients or range-energy relationships.” 


The extrapolation of apparent activity versus 
source thickness to zero thickness for very 
uniform sources produced by vacuum distil- 
lation has been used to determine absolute 
counting rates’), while the self absorption 
of an activity uniformly distributed in a 


foil has also been studied.“ Measurements 
of self absorption have been made with the 
use of the 47 f/-y coincidence technique, 
using selected nuclides having one or more 
y-rays in their decay scheme.:®) ‘Typically, 
for sources of 2 ug/cm? mean superficial 
density, the self absorption varies from a 
few tenths of 1 per cent for Na** (j-end- 
point energy 1-39 MeV) to about 20 to 40 
per cent for the 0-086 MeV /-transition in 
Cs!84, depending on the source preparation 
technique used. If sources are prepared 
under identical conditions it is possible to 
construct a curve of self absorption versus 
f-end-point energy which, with caution, may 
be interpolated to estimate the self absorption 
corresponding to a nuclide which has no 
y-ray in its decay* and which is therefore 


not amenable to the coincidence technique. 
The accuracy of this procedure is, of course, 
limited to the extent that the shape of the 
B-spectrum and the form of the crystalline 
deposit may be considered identical from 
one nuclide to another. ‘These may be very 
poor assumptions and in order to avoid them 
f-y emitting nuclides, whose self absorption 
can be measured by the 47 /—y coincidence 
method, have been used as tracers in an 
extrapolation technique to determine the 
disintegration rate of S*° and the results 
obtained have been compared with other 
absolute counting methods.‘ ‘The justi- 
fication for the extrapolation used in this 
tracer technique is examined here on theore- 
tical and experimental grounds. The use 
of the theoretical calculations presented here, 
as well as that of a proposed empirical 
relationship between self absorption and the 
average energy of a /-group, for making 
complex disintegration scheme corrections 
in coincidence counting is described. ‘The 
application of the tracer technique to the 
standardization of Rb* as part of a measure- 
ment of the branching ratio in this nuclide 
is also discussed. 

The tracer technique may be described 
as follows: a series of sources containing the 
pure f-activity together with a suitable / 
tracer is prepared in which the amount of 
carrier, and hence the resultant source 


* Such a nuclide will henceforth be referred to as a pure /-emitter. 
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superficial density, is varied. However the 
actual values of these densities are not 
required. ‘The overall efficiency eg, of the 
p-detector with respect to the tracer is 
measured in a 47 (—y coincidence apparatus* 
after which this activity is allowed to decay. 
The sources are then counted in the same 
detector to determine the /-counting rate 
due to the longer-lived pure /-emitter. This 
counting rate is then plotted against the 
corresponding efficiency measured for the 
tracer nuclide. Provided positron emitters 
are not used as tracers this plot yields over a 
considerable efficiency range a straight line 
which can be extrapolated to 100 per cent 
efficiency to determine the absolute disinte- 
gration rate of the pure /-emitter. In 
general all corrections‘®) which involve a 
term containing the factor (1 — e;) may be 
neglected in both the 47 f-counting rate and 
the efficiency determination since such cor- 
rections add only a linear term to these 
quantities and are zero for 100 per cent 
efficiency. Since the /—y nuclide is required 
only for an efficiency measurement and is 
subsequently allowed to decay the amount 
of such a nuclide which is added need not 
be known. On the other hand the technique 
can be extended to the use of long-lived 
tracers if these are added quantitatively. 
In this case the contribution of the tracer to 
the total f-counting rate of each source is 
determined from the efficiency and _ the 
amount of the tracer activity added. This 
contribution is then subtracted to give the 
counting rate due to the /-activity. Alterna- 
tively the total /-counting rate of each source 
plotted against the efficiency of the tracer 
may be extrapolated to 100 per cent effici- 
ency to give the sum of the disintegration 
rates due to both activities. From this the 
disintegration rate of the tracer may be 
subtracted to yield that of the pure /-emitter. 


In order to avoid any differential effects 
due to separation of the activities during 
crystallization as the source is dried it is 
necessary to incorporate the two activities 
into the same chemical compound. In this 
respect Br® (6-end-point energy 444 keV) 
is a convenient nuclide for many of the 
low-end-point energy /-emitters. The half- 
life of Br®*, 36 hr, is sufficiently short to 
enable measurements to be completed within 
2 weeks, while the large number of y-rays 
emitted per disintegration is a further 
advantage in that only a relatively small 
quantity of Br*? activity need be added. 
Other nuclides which have been used as 
tracers are Na*4, Lu!77 and Co®9, 

An analysis of the technique was attempted 
along the following lines: it was realized 
that if the probability of escape P(W) of an 
electron from a source, as a function of 
energy, was known, then, assuming atheoreti- 
cal f-spectral shape, numerical integrations 
could be performed to calculate the efficiency 
as a function of some parameter contained 
in P(W). For example, if the correct form 
of this probability was the step function 

P(W) = 0 W<W, 
Step (1) 
P(W) = 10 W> WwW, 


then the efficiency, ¢;, could be calculated 
for a given f/-spectrum as a function of W,, 
the cut-off energy. Since this parameter 
should be the same for both /-groups 
contained in any one (mixed) source, it 
would in principle require measurements on 
only one source to determine the absolute 
disintegration rate of the pure /-emitter. 
Forms of P(W) which are probably better 
approximations to reality are the exponential 
and Gaussian distributions: 
P(W) =1—e#” 


Exponential (2) 
re) =1 —2err 


Gaussian = (3) 


* The ratio of the recorded counts in the coincidence channel to those in the y-channel yield, after small corrections 


the overall efficiency of the f-detector.'®? 


] 
4 


a similar absorption through the source mount, and 


The deviation from 100 per cent is compounded of the following losses: 


the absorption of the /-particles through the source material, 


3) any loss in the counter-amplifier system due to the lower limit of detection. 

For the apparatus and techniques used in the present work the most important effect was the first, the remaining two 
being very much smaller.'®) The measured overall deviation from 100 per cent efficiency is thus primarily due to self 
absorption. In this paper no corrections have been made for losses (2) and (3) above since these are small effects which, 
as a function of f-spectral shape, will vary in roughly the same way as that due to self absorption. 
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Calculations using the step function were 
made by hand, while those using the ex- 
ponential and Gaussian distributions were 
carried out on the Chalk River Datatron 
Computer. These calculations were made 
for a number of nuclides using /-spectral 
shapes calculated from tables.) 

Two further functions for the escape 
probability were also investigated. ‘The 
penetration of monoenergetic electrons 
through thin foils at normal incidence has 
been extensively studied by LANE and 
ZAFFARANO"®), ‘Their experimental curves 
can be fitted fairly well by the. simple 
function 

P,(W) = 1 — e“¥ -2) 
where w and z are parameters dependent 
on the thickness of the foils. From a com- 
parison of these results as a function of foil 
thickness it was found that wz was approxi- 
mately constant (= K) and equal to 1-9. 
Thus 

PW) =1 — eke) (4) 
which contains only one variable parameter 
z, that may be regarded as the extrapolated 
range thickness of the foil, in the appropriate 
energy units. It is shown in the Appendix 
that if the activity is distributed uniformly 
either in an infinite slab of thickness ¢, or in 
isolated spheres of radius R, both dimensions 
being in appropriate energy units, the 
geometrical integrations give the following 
escape probabilities respectively : 


P(W) 


Dek 


- 


~3 


1 W? 

~ 12 R2 

Sen 
OR 


where E£,, E,, etc. are the E functions of 
Case et al.“ Similar calculations to those 
mentioned above were made using these 
expressions for the escape probability. 

The results of calculations using the above 


a RAK) .+ 


[KW _ (KW 
| ea( se) ~ Bl OR ) 


five forms for the escape probability are 
demonstrated by the full curves of Fig. 1. 
In this figure instead of plotting the efficiency 
as a function of the variable parameter, the 
efficiency with respect to a particular /-group 
is shown as a function of the efficiency with 
respect to another group, the variable 
parameter being the same for both /-groups 
at any one point on a curve. Such a curve 
will be referred to as an efficiency function. 
Calculated results are given for six pairs of 
#-groups as indicated in the figure. For any 
given pair of /-groups most of the calculated 
curves for the different forms of the escape 
probability do not show very striking 
differences. However, with the exception of 
those for the nuclide pair Na*4-Na* (Fig. 
If), the calculations show that for any 
reasonable function which may be assumed 
for P(W) there is a considerable region near 
100 per cent efficiency in which the efficiency 
function is very closely linear and hence 
supports the use of the extrapolation tech- 
nique described above. Further, the more 
similar are the spectra of the two /-groups 
the more linear are the curves. In the case 
of the nuclide pair Na*4-Na” two very 
dissimilar spectral shapes are compared and 
the resulting curves show a slight knee near 
100 per cent efficiency. As will be shown 
below, the experimental data tend to confirm 
this non-linearity which, intuitively, can be 
seen to be due to the characteristic shape 
of a positron spectrum. 
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Experimentally the extrapolation tech- 
nique has been verified by choosing pairs of 
suitable S—y nuclides which differ consider- 
ably in half-life and whose y-radiations are 
readily distinguishable from one another. 
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Fic. 1. Efficiency functions for pairs of /-groups. 
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Full curves are derived theoretically as described. 


Experimental points are connected by broken lines. Error bars indicate standard deviations together 
with estimated uncertainties from other causes. Note scale changes in curves (e), (Ff) 


For example the nuclides Fe®* and Br® form 
such a pair. Fe*® is the longer-lived nuclide 
half-life 45 days); the 271 keV /-group is 
followed in most disintegrations by a y-ray 
of 1-29 MeV while the 460 keV /-group is 
followed by a 1-10 MeV y-transition. Thus 
if the gate of a single channel pulse height 
analyser in the y-channel is set well above 
1:29 MeV a usable fraction of the Br® 


y-ray spectrum will be counted to the 
exclusion of the Fe®® spectrum. Thus the 
overall efficiency of the f-detector can be 
measured with respect to the Br® activity 
only, although considerable Fe*® activity 
is also present. Some sources of Fe**Br,°? 
were prepared, each containing the same 
activity but different amounts of inactive 
carrier. ‘The measurements were made in a 


4m fS-y coincidence unit which, with the 
corrections involved in coincidence counting, 
have been described before.‘*) The experi- 
ment was carried out by first determining 
the overall efficiency of the 6-detector for the 
Br®? activity as indicated above for each 
source. These were then stored in a desic- 
cator to prevent possible changes in the 
source material for more than ten Br® 
half-lives. Measurements were then made 
on the sources to determine the efficiency 
for the 271 keV f-group in Fe. Although 
the two principal y-rays of 1:10 and 1-29 
MeV in the decay of Fe®*® are well resolved 
by the Nal scintillation detector the distri- 
bution of the 1-10 MeV photopeak may 
extend under the 1:29 MeV_ photopeak. 
Hence in order to reduce this contamination 
in the y-channel as much as possible only 
pulses were accepted corresponding to the 
high-energy side of the 1-29 MeV photopeak 
in the efficiency determination with respect 
to the 271 keV branch. 

The results of this particular experiment 
are shown as points connected by a broken 
line in Fig. 1(b). Similar experimental results 
are also presented for Na*4-Na* (Fig. If) 
and for the 271 keV and 460 keV /-groups 
in Fe®® (Fig. 1c), while the results of MERRITT 
et al.'”) for Na*4Br® (Fig. le), the 440 keV 


b-group in Cel! and Br® (in the form of 


CeBr,)* (Fig. la), and for the 178 keV #- 


group in Lu!'*? and Br® (in the form of 


LuBr,) (Fig. ld) have been replotted for 
comparison with the theoretical predictions. 
The two Fe*® $-groups of course decay with 
the same half-life and hence the experiment 
was modified slightly. The efficiency meas- 
urement with respect to the 271 keV /-group 
has been described above. The photopeak 
of the 1-10 MeV y-ray in Fe*® is situated in 
the valley of the 1-29 MeV distribution. For 
the efficiency measurement with respect to 
the 460 keV f-group a narrow gate was 
placed across the photopeak of the 1-10 MeV 
y-ray and, using standard peak shapes, a 
correction made for the contribution due to 
the 1-29 MeV y-ray falling within this gate. 
The total correction, including that due to 


The efficiency tracing technique for eliminating self-absorption errors in 4 B-counting 3 


* Further points have been added to those shown in Reference 7, 


the y-sensitivity of the f-counter, amounted 
to less than 10 per cent for the lowest 
efficiency measured. 

Experimentally the linear relationship is 
well demonstrated by the four examples in 
Figs. l(a-d). The case of Na*4—Br® is an 
extreme one since a 1:39 MeV end-point 
energy /-emitter is being compared with one 
of 444 keV end-point energy, a factor of 
more than 3 smaller. Clearly such large 
differences are not desirable in any practical 
application of this technique. However the 
results for Na*4—Br® still exhibit the straight 
line feature with about the same slope as 
predicted by equations 1, 2, 3 and 6, 
although the line does not extrapolate to 
100 per cent efficiency. The calculations 
above show that a tracer should be chosen 
that has a similar /-spectrum to the nuclide 
to be standardized. The Na*4—Br*? example 
demonstrates that, when this similarity is not 
possible, it is preferable to use a nuclide 
emitting a relatively large number of low- 
energy /-particles as a tracer for one having 
fewer such particles. ‘Taking the experi- 
mental results shown for this example (Fig. 1) 
the error in determining the disintegration 
rate of Na** using Br®* as the tracer would 
be 0-4 per cent, but using Na*4 to determine 
the Br*? the error would be about 4 per cent. 
A similar situation exists in the case of Lu!?? 
(178 keV)-Br®? although here the extra- 
polation is made over a considerably larger 
efficiency range. ‘The experimental curve for 
Na*4—Na” shows a similar shape to some of 
the calculated efficiency functions but is 
again displaced from them by a few tenths 
of one per cent. 

These experimental results confirm the 
assumption of a linear relationship between 
efficiencies of negatron /-groups when the 
spectral shapes and end-point energies are 
comparable, but it is unfortunately not 
possible to decide from these results the exact 
nature of the escape probability P(W). In 
a further test of the use of the results of LANE 
and ZAFFARANO the source mount absorption 
due to a thin source sandwiched between 
two infinite slabs was calculated and 
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compared with that observed for Co®® when 
mounted between two VYNS films. The 
calculations gave source mount absorptions 
which were about eight times greater than 
the experimental values. This discrepancy 
is undoubtedly due to scattering of /- 


particles, a phenomenon which is neglected 


in these calculations. These scattering effects 
are partially cancelled out when comparing 
the efficiency of one f-group as a function 
of another. The slab type calculations 
(Fig. |) tend to deviate from the experimental 
data particularly for those cases in which the 
end-point energies differ considerably, a 
situation which probably results from the 
poor assumption of an infinite slab for 
“thin”? 47 f-sources. On the other hand the 
sphere and Gaussian type calculations give 
results which agree very closely with one 
another and are in fair agreement with 
experiment. 

The errors associated with a disintegration 
rate determination using the tracer technique 

may be described as follows: 

(a) the uncertainty in the extrapolation. 
This includes statistical errors as well 
as possible systematic errors intro- 
duced by the efficiency measurement 
and by physical changes in the source 
material between measurement of the 
tracer and f-activities. ‘The last of 
course does not apply in the use of 
long-lived tracers; and 
the systematic error inherent in the 
assumption of a linear efficiency func- 
tion. It is difficult to generalize on the 
magnitude of this error since it depends 
on the spectra of the two activities and 
the range over which the assumption 
is made. In the upper four examples 
given in Fig. | the largest error in the 
extrapolation of the experimental data 
is found in the case of Lu!*? (178 keV)— 
Br®? and amounts to 2-5 per cent in the 
lutecium /-group efficiency. The sys- 
tematic error (b) is therefore probably 
less than this. 

It is demonstrated below that the tracer 

technique can be used directly for the 


* Or less accurately, 
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standardization of nuclides having complex 
disintegration schemes. For some purposes 
however it may be desirable to standardize 
such nuclides by the conventional 47 /-y 
coincidence method, relying on calculated 
corrections for the complex disintegration 
scheme. It is felt that the theoretical 
calculations discussed above, particularly the 
Gaussian and sphere type, provide a reliable 
method for determining relative /-detector 
efficiencies in such corrections.‘*:!§) On the 
other hand, unless an automatic computer 
is available, these calculations are tedious 
and therefore of limited usefulness. How- 
ever, with the exception of those for Na?4— 
Br®= and Na*4-Na*’, the theoretical and 
experimental results of Fig. 1 can be roughly 
approximated by assuming that the ineffi- 
ciency with re spect to a P-group is inversely 
proportional to the average energy of the 
group,* provided that the efficiencies con- 
sidered are not too low. If W, is the average 
energy of a /-group then the relationship 
is: 

k 

Wa 


where * is a parameter depending on the 
source thickness. Curves based on equation 
(7) are not shown in Fig. 1 for reasons of 
clarity, but a typical case, that of the two 
Fe®® groups, is shown on a larger scale in 
Fig. 2. The light curves represent the 
functions shown in the corresponding dia- 
gram in Fig. 1, while the heavy line repre- 
sents the efficiency function based on the 
above assumption using the theoretical 
average energies of the /-groups.“?) Since 
the use of the average energy only partially 
takes into account the shape of the /- 
spectrum it would not be expected to be a 
good approximation for pairs of /-groups 
whose spectra differed considerably. Thus 
it is not surprising that the empirical 
efficiency function based on equation (7) 
does not agree with the more refined 
theoretical or the _. results for 
Na*4—Br® and Na*4-Na*. ‘The approximate 
validity of this inverse relationship has 


Self absorption ~ (1 — ¢;) 


to the end-point energy of the group. 
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Fe®9 (460 keV) — Fe59(27! KeV) 
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Fic. 2. Efficiency functions for two Fe®® §-groups. Data as in Fig. (l1)c. Line A is empirical 
efficiency function from assumption that inefficiency is inversely proportional to mean 
energy of /-group. 


been further demonstrated by using pre- 
viously published self absorptions) to calcu- 
late the parameter 4, equation (7), for 
sources of 2 wg/cm? mean superficial density. 
These results are shown in Table | where 
values are given for both evaporated and 
colloidal silica treated sources. . The Gaussian 
form for the escape probability has been 
used to calculate values of m1, which 
represents the energy of a /-particle having 
a 63 per cent chance of escape, for the 
same data; these are also shown in Table | 
for comparison.* Both parameters are 
fairly constant over the range of nuclides 
studied for either source preparation tech- 
nique, although, as expected, the Gaussian 
calculation takes better account of the 
positron spectrum of Cu® than does equation 
(7). Thus, for similar spectra at least and 
“thin” sources, relative /-detector efficiencies 


can be readily estimated and an example of 


the use of this empirical function in calcu- 
lating a complex disintegration scheme 
correction will be presented below. Such 
calculations, although approximate, are pro- 
bably sufficient for many nuclides, particu- 
larly those in which the complex disinte- 
gration scheme correction is, in any case, 
small. 

The application of the tracer technique 
to nuclides having complex disintegration 
schemes is demonstrated by reference to a 
measurement of the relative intensities of 
the two f-groups emitted in the decay of 
Rb**. In this application no tracer need 
be added since use can be made of the 
0-68 MeV f-group which is followed by a 
1:08 MeV y-ray. Some very pure Rb*%® 
activity was prepared by irradiating sepa- 
rated Rb*°Cl with thermal neutrons and 
afterwards purifying it by absorbing the 
rubidium on Dowex-50 and eluting with 


* In passing, we note that the average value of w-1 is about 8 and 15 keV for sources prepared by the colloidal 


silica and simple evaporation techniques respectively. 


that electrons of these energies are stopped by thicknesses of about 200-600 yg/cm?. 
indicate that, although nominally 2 wg/cm?, these sources contain local agglomerates which are very 


The range-energy curves of LANE and ZAFFARANO!!?) 


show 


Hence the results of Table | 


- considerably 


larger than this value. 
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TaBe |. Values of the parameters & and yu-! for sources of 2 wg/cm? mean superficial density 
I L / I J 


Evaporated sources 


End point 
energy of = 
group 


‘MeV 


Nuclide re 
uclide Self 
absorption* 


0-086 3s - 6 8-8 
0-16 20:3 + 2- 8-8 
0-21 

0-31 7+ 8-1 
0-36 39 4 i 6-0 


Cs14 
Nb®*> 
Fig*?* 


0-66 2+ 0-2 0-6 
0-68 2-7 + 1- 6:1 
0-96 ‘6 + 0-6 5-0 
1-39 ‘0 + 0-5 5-6 


Colloidal silica treated sources 


Self 


absorption* 


KN #& oo Sr 


* Experimental values taken from Reference 6. 


dilute hydrochloric acid.“3) From a master 
solution sources were prepared each con- 
taining a constant amount of Rb*® activity 
but having different amounts of carrier 
added. ‘These sources were 47 /-—y coinci- 
dence counted, and the results are shown 
in Fig. 3 where the apparent disintegration 
rates of the sources are plotted as a function 
of the measured efficiency, &.;, of the 
f-detector with respect to the 0-68 MeV 
B-group. Curve A indicates the total 47 p 
detector counting rates. The extrapolation 
to 100 per cent efficiency is itself sufficient 
to define the absolute disintegration rate of 
the sources, Ny. The y-ray emission rate 
from an aliquot of the master solution was 
determined using a calibrated ion-cham- 
ber."*4) The technique was similar to that 
used by Emery and VEALL"®), a P*? source 
being used to determine the bremsstrahlung 
contribution to the response of the ion 
chamber. ‘This correction amounted to 
about 5 per cent. ‘The result of this measure- 
ment yielded the value 8-66 + 0-15 per cent 
for the number of y-rays emitted per dis- 
integration. This is in agreement with the 
values of 8-9 + 0-5 per cent and 8-5 + 0-5 
per cent obtained by Emery and VEALL"®) 
and by Lyon and Srrarn“® respectively. 
The quoted uncertainty of the present 
measurement was found by adding in 
quadrature the following statistical errors: 


in the ion-chamber calibration curve,1-5 per 
cent; in the standardization of Rb*, 
including uncertainties in aliquoting, 0-6 
per cent; and in the bremsstrahlung cor- 
rection, 0-5 per cent. The internal con- 
version for the 1:08 MeV y-ray is expected 
to be small“” and is neglected. Thus we 
obtain a value for the fraction of disinte- 
grations leading to the 1-08 MeV state in 
Sr8° of 8-7 + 0-2 per cent where the increased 
uncertainty allows for any undetected system- 
atic error. 

It is of interest to note that an estimate of 
this branching ratio can be obtained directly 
from the slope of curve A, Fig. 3, and a 
calculated efficiency function, without refer- 
ence to any y-ray intensity measurement. 
The slope of curve A, Fig. 3, is given by 


—be 


“7 0°68 
3 


1 ae a€3,, 


l—e 


es 
Po-68 

where a, 5 are the fractions of /-decays 
going to the ground and the 1-08 MeV 
excited states in Sr®*, If the ratio M is 
defined as 
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Hence a measurement of m together with 
a calculated value for M determines the 
fraction 6. Equation (3) was used to calcu- 
late the efficiency function which was found 
to be very closely linear above £4... ~ 0°85 
and gave a value of M = 0-77. Equation 


S 
a) 


S) 
Pe 
T 


N,, and N, are the counting rates in the 
B-, y- and coincidence channels respectively, 
then the quantity N;N,/N, is shown as 
curve B in Fig. 3, while curve C represents 
the coincidence results after this correction 
has been made, and gives N, independent 


ee = - 


a) 
4 
x 
a 
z 
o 
oO 
WW 
77) 
a 
uJ 
a 
2 
=) 
fo} 
oO 
ui 
= 
a 
x 
r-4 
o 
q 
a 
oO 
ve) 
- 
< 
a 
a 
= 
z 
WwW 
= 
a 
a 
< 


i 
0.85 


i 
0.90 


| 
0.95 
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Fic. 3. Apparent disintegration rate of Rb*® sources as a function 
of f-detector efficiency (0-68 MeV f-group). 


A: 47/-counting rate B: 


NgN,/N, 


C.D: 


Ditto, corrected 


for complex disintegration scheme as described. 


(1), the only other model attempted, gave 
results which were not significantly different. 
Using this value of M, 4 is found to be 8-7 
per cent. No error is quoted for this measure- 
ment since the uncertainty in A is not 
known. The excellent agreement with the 
more precise method above however may 
be somewhat fortuitous in view of the results 
of Fig. 1. 

Since the calculated efficiency function is 
a good approximation in the case of Rb*®, 
it is possible to make an accurate correction 
for the complex disintegration scheme in 
the usual coincidence equation.'*:!®) If Nz, 


A 


Using the step function, 
equation (1), a result is obtained which, 
on the scale of Fig. 3, cannot be distinguished 
from curve C. For comparison the values 
of N;N,/N., corrected for the complex 
disintegration scheme by use of equation 
(7), are shown as curve D. These results 
differ from the true disintegration rate by 
less than 0-2 per cent for the most efficient 
sources used, while for the thicker sources 
the difference is about 1 per cent. This 
however is still much less than the corre- 
sponding deviations of the 47-counting rate 
and the uncorrected value of N; N,/N,. 


of the value of & 39.45 « 
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The theoretical considerations together 
with the experimental results described 
earlier in this paper are good evidence in 
favour of the tracer technique for the 
determination of absolute disintegration rates 
of pure f-emitters. In particular they give 
further confidence to the standardization 
of S% by the use of Lu}'*(S%O,), and 
Co®? $%O,.'7 The application to a nuclide 
having a complex disintegration scheme not 


only demonstrates another use of this tech- 
nique but also illustrates that it is possible to 
use calculated efficiency functions to make 
reasonable estimates of complex disinte- 
gration scheme corrections, and, in simple 
cases at least, to estimate branching ratios. 


Acknowledgement—The authors are grateful to Miss 
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APPENDIX 


The escape probability for uniformly distributed 
isotropic sources in an extended body is 


P(W) = (4nV)— ff P,(W,z) dQ dV. 


P,(W,z) is the escape probability for a point Q 
located a distance z from the boundary in the 
direction defined by Q. The integration is over the 
solid angle and the volume V of the body. For any 
given geometry the multiple integral can be reduced 
(in principle) to a single integral over the variable z. 

For an infinite slab of thickness t, we may define 
y, the perpendicular distance from the point Q to 
the upper face of the slab, and 6, the angle that the 
direction (2 makes with the vertical. Then the 
average escape probability for the two faces is twice 
that for the upper face and is given by 


P(W) = 2P,,(W) = 


t n/2 
i-1 | dy [ P,(W,z) sin 6 dé. 


/0 /0 


The relation cos # = y/z can be used to eliminate 
explicit reference to 9 and the integration over y 
can then be carried out first. The result is 


1 t oo y 
P(W) ; dy P,(W,z) = dz 
J0 y xg 


(Al) 


Similarly for a sphere of radius R we use 7, the 
distance of Q from the centre, and 6, the angle the 
track makes with a radius vector through Q. Refer- 
ence to @ is then eliminated by using the relation 

R? =r? + 2? 4+ 2rz cos 0. 


Omitting a number of manipulative steps, the result 
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4R3 is 


0 


If the function P,(W,z) has a cut off such that P, -- 0 


for z exceeding some fixed value, the upper limits in 
(Al) and (A2) may be altered accordingly. 
For the choice made in equation (4) of the 


-x( -1) 


text 


for z < W 
for z > W 


P,(W,z) =1 
=) 


Substitution in (A1) or (A2) is quite straightforward. 
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For example, for plane geometry with W < ¢, only 


the first term of (Al) contributes, and we have 


P(W | ’ 2) dz 
at 


where the functions 


are those defined by Case et al.4), 
The remaining parts of equation (5 
are obtained by similar manipulations. 


of the text 
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An improved 47 G.M. counter has been designed from which the cathode can be easily 
removed, leaving the anode wires intact and still under tension. Counters of this type have 
been used successfully for several years in the measurement of radioactive nuclide 
standards and results of intercomparisons of standards with other laboratories are presented. 
The counters have also been used in conjunction with y-ionization measurements in determining 
the specific y-ray emission (k-factor) for Fe®®, Cs!3* and Ir!?. Applications of these counters 
in biological and medical work are described. 


LE DESSIN ET LES APPLICATIONS D’UN COMPTEUR GEIGER-MULLER 
A 47 QUI EST DEMONTABLE 

On a dessiné un compteur G.M. a 47 de forme améliorée dont on peut facilement retirer la 
cathode, laissant intacts et toujours bien tendus les fils anodiques. Des compteurs de ce genre ont 
servi avec succés pendant plusieurs années a la mesure des étalons de nucléides radioactifs; 
on présente des comparaisons mutuelles d’étalons avec des autres laboratoires. On a employé 
aussi ces compteurs, en combinaison avec les mesures d’ionisation 7, pour caractériser |’émis- 
sion spécifique des rayons y (le facteur k) pour le Fe®’, le Cs!87, 1’Ir!®?. On décrit des appli- 
cations de ces compteurs aux travaux biologiques et médicaux. 


ROHCTPYRUWA W TMPUMEHEHWE PASBOPHOPO CUETUNRKA 
PEMPEPA-MIO.LIEPA C TEJIECHbIM YIVIOM 47 

JlaHo onmcaHne ycoBepileHCTBOBaHHOrO CueTunKa Teiirepa—Mio.11epa © TeleCHbIM VrJ1OM 
iz, KOHCTPYRKIMA KOTOPOLO TO3BO.1AeT CBOOOAHO YaIATh KATO, He TpOraA HUTeif aHO;a 
ocTaBIAA WX 107, HampaAakennem. B revenue HeCKOABKMUX JleT CUCTUNKM VTOLO THIa © yCHeXOM 
IPUMeHAIM 1A W3MepeHHA PaMOaKTMBHBIX CTaHapToB. JlaercA CpaBHeHie 0.1V4eHHBIX 
pe3VAbTaTOB ¢ aHHbIMH Apyrux adoparopnii. Hpome Toro, © MOMOMbIO DTHX CUeTUHKOB, 
Ip U3MepeHHM HOHM3aAMM y-131V4eHHeM, OpeetAAM BeTMYMHY Ve1bHOrO y-M3.1V4eHIA 
(Koopumnent KR) aaa Fe®9, Csl87 1 Trl, Tloka3sana BO3MOAHOCTH IIPHMeHeHMA TAKUX CUeTUM- 
KOB B OMOJIOPMM MW MeqMOMHe. 


ENTWURF UND VERWENDUNG EINES 47 GEIGER-MULLER ZAHLROHRES 

Ein verbessertes 47 Geiger-Miiller Zahlrohr wurde konstruiert, bei welchem die Kathode 
leicht entfernt werden kann, wahrend die Anodendrahte sogar unter Spannung verbleiben 
konnen. Zahlrohre dieser Type wurden bereits seit mehreren Jahren mit Erfolg zur Standardi- 
sierung von Radionukliden verwendet, ein Vergleich der Ergebnisse mit Ergebnissen anderer 
Laboratorien wird vorgelegt. Die Zahler wurden auch in Zusammenhang mit y-Ionisations- 
messungen verwendet, zur Bestimmung der spezifischen y-Emmission (k-Faktor) fiir Fe®, 
Cs!87 und Ir!92.. Die Verwendung dieser Zahler bei biologischen und medizinischen Arbeiten 
wird beschrieben. 
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The design and applications of a demountable 4x Geiger—Miiller counter 


INTRODUCTION 


Over the past 10 years much progress has 
been made in the methods of standardization * 
of the activity of radioactive 6 and p-y 
emitting nuclides, and several reviews of the 
techniques have been published.“:?.3) In 
this department, which has participated in 
the work of the N.P.L. Advisory Committee 
on Radioactive Standards", standardization 
plays an important role in relation to 
(i) the use of radioactive materials for 
therapy, diagnosis, and clinical and 
biological investigations and 
(ii) problems of radiation hazard and 
environmental radioactivity. 
Techniques used for /-measurements have 
included a defined solid angle method, 47 
liquid scintillation counting”, 47 G.M. 


counting and internal gas counting. Of 


these techniques 47 G.M. counting has 


proved the simplest to use and the most 
versatile, and an improved type of counter 
developed for this work is described below. 
Designs of 47 G.M. counter that have 
been applied successfully in radioactivity 
standardization have been described by a 
number of authors.(-8) However, these 
counters do not appear to have been widely 
used outside the main standardizing labora- 
tories. In the demountable 47 counters 
described below certain defects of existing 
designs have been overcome and_ such 
counters have proved easy to maintain in 
regular use over long periods. The design 
of these counters may be of interest to other 
laboratories using numerous radioactive nuc- 
lides for medical or biological work, where 
standards are frequently required. 


DESIGN AND CONSTRUCTION 


In a 47 counter the source to be measured 
is usually mounted on a thin foil which forms 
part of an internal common dividing wall 
for a pair of hemi-cylindrical, hemi-spherical 
or rectangular 27 counters. In measuring 
radioactive standards such counters must 
be opened frequently to the atmosphere for 
the insertion of sources and this procedure 
can lead to the introduction of dust or other 
foreign matter. The consequent deteriora- 
tion in the quality of the internal surfaces may 
affect the counter performance. Further- 
more, internal contamination may result 
should the mounting foil of a source break. 
Evidently, therefore, ease of cleaning is 
important if the instrument is to have a long 
working life. 

Constructional details of the counter are 
shown in Figs. | and 2. The anode wires are 
mounted under tension on a skeleton frame, 
over which a cylindrical cathode is fitted. 
O-rings provide vacuum seals at each end, 
a top plate being removable for the insertion 
of slides carrying sources. In the counter 
shown in Fig. 2 the cylinder parts and slides 
are made of brass. Before assembly the 


internal surfaces are given a high polish; the 
anode wires are cleaned with alcohol and 
carefully inspected under a low power 
microscope to ensure that they are uniform 
and free from dust. 

Whenever deterioration in counter _per- 
formance indicates that the internal surfaces 
should be cleaned, the cathode can be readily 
removed for this purpose, whilst the anode 
assembly is left intact. 

Two counters of this type were originally 
constructed and have now been in frequent 
use for 4 years in the measurements of 
standards, as discussed below. During this 
time it has never been necessary to replace 
the anode wires although they have been 
cleaned on several occasions and the cathode 
surfaces repolished, these measures success- 
fully restoring the operation of a counter 
when this had deteriorated. Several more 
counters of similar construction have been 
built and used successfully. These have 
included considerably smaller, stainless-steel 
versions,‘®) developed for the measurement 
of very weak samples in low background 
anti-coincidence counting assemblies. 


* Some ambiguity exists in the use of the terms “‘standardization”’ and ‘‘absolute measurement”’ in this field. In this 
article the term standardization is used to describe the direct measurement of the activity of a radioactive source, without 


recourse to any intermediate calibration. 
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Demountable 47 G.M counter 


‘O'ring 
“VOR.I49 


tube and end cap 


Tungsten wire 


re assembly 


KL.G.type CS 


So 


2 3 4 ir 


Fic. 1. 


a 


Spot weld to 1-O mm Nickel 


ource holder 


Third angle projection 


Constructional details of demountable 47 G.M. counter. 


OPERATION OF COUNTERS AND STANDARDIZATION 


For radioactivity standardization, in which 
a particular counter filling is used for a 
relatively short time, a simple filling system 
evacuated by a single stage rotary pump has 


proved satisfactory. In operation, the two 
anode wires of a counter are connected to 
the input of a quenching probe (e.g. A.E.R.E. 
Type 1014A) with a present dead time, 
usually 300 usec. Plateaux 150V_ long, 
which may be flat, or have a small slope 
(<2 per cent per 100 V) are obtained when 
the counters are in good condition (Fig. 3a). 
The background counting rate shielded with 
2 in. lead is about 2 counts/sec. 

It has proved convenient to operate two 
counters together on the same filling system, 
since this effectively halves the pumping and 
filling time needed for each solution stand- 
ardized. 

In considering the results of measurements 
given below it may be noted that: (i) if the 
plateau obtained in measuring a particular 
source is not quite flat the value of the 
counting rate at the beginning of the plateau 
‘cf. Fig. 3a) is used in estimating the activity 
of the source (ii) sources have been mounted 


on aluminium foil of thickness ~200 wg/cm?. 
This foil, although somewhat thicker than 
certain plastic foils (e.g. Vyns“®) now in use, 
is readily available commercially, and foil 
absorption has been investigated for all 
the nuclides standardized. A “sandwich” 
method, in which the counting rate is 
determined when the source is enclosed 
between successive pairs of foils, has nor- 
mally been used (cf. Fig. 3c). Here the foil 
absorption correction, determined by extra- 
polation of the plot of counting rate against 
thickness of foil on each side of the source to 
zero foil thickness has been estimated to be 
<1 per cent for p-emitters with maximum 
energy >0-5 MeV. 

It should be emphasized that problems of 
foil and source absorption, which have been 
studied in considerable detail by a number of 
authors, including SELIGER and SCHWEBEL”), 
Pate and YAFFE®®, and SmirH”, present 
an inherent limitation to the 47-counting 
technique, although for the higher energy 
f-emitters the errors involved are not 
important in biological and medical applica- 
tions. 


Fic. 2. Component parts of 47 G.M. counter, shown demounted. 
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Fic. 3. Characteristics of demountable 47 G.M. counter, and some experimental work. 
Plateau, showing a typical small slope. 

Variation of counting rate with filling pressure, for two counters, showing a small increase 
between 10 and 20 cm Hg argon. 

(c) Investigation of foil absorption by sandwich method. For the first point (counting rate = 100, 

No. of foils = 1) the source is mounted on a single foil, and for other points sandwiches were 
formed of 2,4 and 6 foils. Extrapolation of the curve obtained for the sandwich foils to zero 
foil thickness gives a counting rate Ny. The correction applied to measurements of other 
sources prepared from the same solution and mounted on a single foil is Ng/100. (Note that 
the measurement for a single foil is not assumed to lie on the plot for the successive pairs of 
foils.) The source used in this experiment was the one considered in Fig. 3(d), when only 
Ca*® remained. 
Decay curve for single source containing Ca*’? + Sct’ + Ca*®*. Measurements commenced | 
day after removal from the reactor (DIDO), where the sample of enriched Ca*® (stated Ca** 
content, 9-85 per cent) had been irradiated for 3 weeks at P.F. 1000 (10! n cm-* sec—!). Analysis 
into Ca** and Ca*’ + Sc** fractions is shown; the latter is further analysed to give the activity 
of each isotope separately at any time required. 


APPLICATIONS OF 4x COUNTERS 


Intercomparison of standards Division, A.E.R.E., Harwell, are shown in 

Results obtained in intercomparisons of Table 1. In such intercomparisons simul- 
radioactive standards with the National taneous measurements are made whenever 
Physical Laboratory (N.P.L.) andthe Isotope possible at the various laboratories, each 
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TaBLeE |. Intercomparison between circulated radioactive standards 


Reference 


Measured activity 


Type of @ : Ratio 

Nuclide waned and ena fans ee (nc/8) R.C.H. 
: code no. (Time 12.00 = —— 
serial no. G.M.T.) ' : : 2 N.P.L. 
R.C.H N.P.L.“ A.E.R.E. 

T12 Committee"? T1/9 7/4/55 2-23 2:14 2-24 1-04 
5* International $/10 14/4/55 1-27 I-32 1-34 0-96 
Na*4 Routine 

I.R.98 Na/236 0/10/55 2-58 251+ 3% 1-03 
is??? Committee Ir/7 1/11/55 5°67 5-50 5°58 1-03 
Na?4 Routine" 

I.R.135 Na/250 22/3/56 2-49 2-50 + 3% 1-00 
He? Committee Fe/48 9/4/56 6-80 6-68 6-87 1-02 
Ca‘® Committee Ca/7 9/4/56 Z2°9 23:25 22-74 0-98 
xe Committee 6 KE 2/5/56 14-5 14-45 14-9 1-01 
Na*4 Routine 

1.C.54 Na/297 27/3/57 2°51 2°52 + 3% 1-00 
[131 Routine 

I.C.59 1/293 23/10/57 25:6 25:1 5%, 1-02 
p32 Routine 

1.C.163 P/683 18/12/57 24-0 24-1 3% 1-00 
Sr°° Routine 
y90 AG-P.11 Sr/66 1/4/58 0:97 0-98 + 3% 0.99 
Na*4 Routine 

1.C.170 Na/327 2/4/58 2:17 2:22 BUR 0-98 
[132 Routine 

1.C.256 1/344 22/10/58 24-2 25:0 + 3% _ 0-97 
fia? ®* Routine 

1.C.273 Au/1536 12/11/58 24-9 25°3 + 3% 0-99 
ps2 Routine 

1.C.291 P/748 10/12/58 25-4 25:1 ZA 1-01 


‘®) Carrier content normally 50-100 jg solids/g solution. 


‘») N.P.L. Advisory Committee on Radioactive Standards. 
‘°) For standards issued routinely at approximately 6-monthly intervals by N.P.L., 


as cited on the official measurement report. 


preparing its own dilutions from a circulated 
stock. The results provide an intercom- 
parison between different measurement 
techniques, since at the N.P.L. 47~-/ pro- 
portional counting is the principal method, 
whereas, at A.E.R.E. 47 G.M. counting and 
B-y coincidence techniques are also used. 
For the measurements made here, the 
reproducibility of the results for the measure- 
ment of an individual solution is estimated 
to be +2 per cent. However, the error, 
defined as the discrepancy between the 
measured value of the activity and the 
absolute disintegration rate, can only be 
assessed by the type of intercomparisons 
considered above. For this reason, estimated 
errors for the measurements made here are 
not given in Table 1. 


the estimated errors are shown 


With the exception of the measurements 
for Tl?°* and S**, the discrepancy between 
N.P.L. values and those of the present 
authors has been consistently < +3 per 
cent. It may be noted that it was the 
original aim of the committee to achieve an 
accuracy of +2 per cent in absolute 
measurements.) 


Determination of k-factors 

The 47 G.M. f-counters have also been 
used in conjunction with a _ y-ionization 
system previously described“ in experi- 
mental determinations of the specific y-ray 
emission (k-factor) for several radioactive 
nuclides of radiological interest. The k- 
factor, which is of basic importance in 
estimates of the dose rate from y-emitting 
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TABLE 2. k-Factor determinations 


Sample 
code No. 
and 
Nuclide | approx. Source details 
date of 
measure- 
ment Measured | Calculated’ 


Specific y-ray emission 
(k-factor) k-Factor 
~ 2 ~—1 -—1 ; 
(r cm? mc~! hr-?) ratio 
; y Remarks 
measured/ 
calculated 


Solid content of 47 counting 6-7, 
solution(d), 5 wg Fe/g in 

HNO, (pH2). Stated radio- 

active impurities: 

Fe5—0-5 uc =| per 100 pc 
Co®*—0-001 uc} Fe*® 


Solid content of 47 counting 3-4, f 

solution, 30 wg Cs/g in fe Cs!44 estimated 

HNO, (pH 2). Stated radio- from y-spectral 

chemical purity: analysis: 1 yc per 

Cs187 + Bals7m +. Cs154 100 we Cs}8? 
pe 

Cigteer <8 20% Oln@ige?* 


Aqueous solution(d) sodium ‘85 a? Measured value 

bromoiridiate diluted with € corrected for K- 

ammonium chloroiridiate capture assumed to 
be 3-5 per cent of 
total disintegrations 


(a) Assuming W = 34 eV for energy to form | ion pair. Decay schemes used were based on data given in Table 
of Isotopes by D. STROMINGER et al.) (SHS) with reference to particular authors where necessary for abundance of 
y-rays. 

(b) Standards for intercomparison circulated through N.P.L. Advisory Committee on Radioactive Standards. Solu- 
tions were prepared at A.E.R.E., Harwell. 

(c) Stock solution from Radiochemical Centre, Amersham. 

(d) A single ampoule was circulated to participating laboratories for y-measurements. The dilutions for /-measure- 
ments were prepared at the Isotope Division, A.E.R.E., Harwell. 

(e) Assuming: for Cs'8’, 92 per cent transitions to Ba!8*"; e/y (Total 0-114 for I 

(f) Cs!®4 Ref: 29V 54 in (SHS). 

(g) Ir? Ref: 217 B 55, 100 M 52 in (SHS). 
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radioactive nuclides may of course be circumstances be possible to identify it and 
calculated when the decay scheme is known. _ to estimate the contribution the impurity will 
However, the absolute intensities of the make to y-ionization and 47—-$ counting 
y-rays of particular energies for the more measurements. 

complex nuclides are frequently uncertain, Results obtained for Fe®®, Cs!87 + Bal87™ 
so that a direct measurement is desirable. and Ir!" are shown in Table 2 (the Fe®® and 
Radiochemical impurities can lead to con-  Ir1%* sources are those given in Table | 
siderable errors in such experimental deter- In order to obtain the absolute dis- 
minations. However, the wider use of integration rate for a Cs!87 + Bal’? sample, 
scintillation spectrometry, in conjunction the counting rate measured by 47 counting 
with multichannel analysers, now enables must be corrected for the conversion electrons 
y-spectra from particular solutions to be due to Ba!®’”, since this metastable state has 
examined carefully; if a small amount of a a half-life of 2-6 min. For Cs!87 + Bals7™ 
y-emitting impurity is present it mayinsome the y-spectrum was examined using a 
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0-606 0:66 


com 


0-797 Mev 


40 


50 


Channel No 


Fic. 4. 


Part of y-spectrum of Cs18* 


Bal37™ source 


used in determination of k-factor, showing evidence 


for contamination with Cs?4, 
Bal8’™ spectral curve in 800 keV 


----assumed Cs}!87 + 
region; shaded 


area = 3 of contribution assumed due to 797 keV 
photo-peak of Cs144. 


Nal(Tl)_ scintillation spectrometer (3 in. 
diameter x 3in. long crystal, with 100 
channel pulse height analyser"?)). As shown 
in Fig. 4, the Cs!%? spectrum was slightly 
distorted in the region of 800 keV. Assuming 
that this distortion was due to the 797 keV 
y-ray of Cs!4, the amount of this isotope 
present was estimated to be | per cent of the 
total activity. The 47—$ measurements were 
corrected for this proportion of Cs!*4, and 
the y-ionization measurements of the dose 
rate were also corrected assuming a & factor 
for Cs! of 9-3 r cm? mc™ hr-. 

The estimated error in the experimental 
values for the f-factors is approximately 
+5 per cent, where errors in measuring the 
dose rate from the source and in the deter- 
mination of total f-activity by 47 counting 
are considered. For the measurements of 
Cs!87 + Bal3’™ there are additional sources 
of error as discussed below. 

The calculated k-factors are based on 
recent") data. The y-spectrum of Ir! is 
complex, having seventeen lines, and close 
agreement between calculated and experi- 


mental values is not to be expected. On the 
other hand the decay scheme for Fe®® appears 
to be well established, but the discrepancy 
between calculated and experimental values 
is greater than may be accounted for by 
experimental errors or known contaminants 
in the sample used. There is apparently an 
appreciable discrepancy between measured 
and theoretical k-factors for Cs!*7.. However, 
both values depend upon the assumed decay 
scheme and total internal conversion co- 
efficient, whilst the experimental value also 
depends upon the estimated Cs!%4 content. 
The effect of varying these parameters is 
illustrated in Table 3. Further examination 
of the Cs!87 source used is in progress, but it 
seems unlikely that the Cs!%4 contamination 
exceeds 2 per cent. The contribution from 
Bal8’ K X-rays to the measured dose rate is 
not considered to exceed 1 per cent under 
the experimental conditions used. These 
results, therefore, appear to support the 
decay scheme of Ricci“ rather than that 
used in Table 2.[%) 
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General applications 

More than twenty artificial radioactive 
nuclides are in regular clinical and biological 
use in this Institute and Hospital at the 
present time. For many of these nuclides, 
standards have been prepared and exchanged 
with other laboratories on a number of 


occasions, as described above, and _ these 
standards are used periodically to calibrate 
secondary standard measuring systems." 


(i) Standards of Sr8®, Sr®® + Y® and 
Cs137 were prepared for use in the calibration 
of low background / and y-counting assem- 
blies developed for the measurement of the 
levels of these fission products in milk and 
(12,9) Standards 


for 


other biological materials. 
of Bal4° La!® have also been prepared 
use 1n radiobiological studies and in measure- 
ments of short-lived fission products in rain 
water. 


Transitions 
to Bal*™ 


(oO 
(9) 


elv 


total 


‘imental* ‘Theoretical 


* i.e. Experimental value derived fror 
rate and activity, but assuming various 
0 to 5 per cent being due to Cs™4, 


In addition, when investigations with par- 
ticular nuclides are first undertaken, primary 
standards are prepared, the 47 counters 
being used whenever possible. ‘The demount- 
able 47 counters have proved so simple to 
operate and maintain that new primary 
standards are always prepared whenever 
particular accuracy is needed in an investi- 
gation. Furthermore, since the overall 
efficiency, even for a soft /-emitter such as 
Ca® can be close to 100 per cent (cf. Fig. 
3c) direct counting of mixtures of nuclides 
may prove more informative than indirect 
assay by, for example, end-window or liquid 
counting, where the efficiency may vary 
considerably with the maximum energy of 
the f-particles emitted by the various 
nuclides in the mixture. 

The range of direct applications of radio- 
active nuclide standards and these 47 G.M. 
counters at this laboratory may be illustrated 
by the following examples from recent work. 


n the measure 
proportions of the activity, 


ments described here of dose 


ranging from 


dose dis- 
emitted by 
for 


investigations of the 
tribution due to /-particles 
yttrium oxide Y*® rods, developed 
pituitary implantation, it was necessary to 
determine the specific activity (about 200 
mc/g) of typical rods with an accuracy better 
than +5 per cent. This was carried out 
without recourse to independent Y%® stand- 
ards by preparing solutions of weighed, 
active, rods and assaying dilutions of the 
solutions by 47 counting. : 

(iii) The short lived f—y emitting isotope 
of calcium, Ca‘? (7; = 4-7 days; daughter 
product Sct’, 7; =3-4 days), is now 
available from time to time for clinical 
investigations. Ca*’ is produced by high 
flux neutron irradiation of enriched Ca*®, 
This may still contain, however, some 8 pet 
cent Ca* so that, on irradiation, Ca** is also 
produced. Since the amounts of each nuclide 
which may be administered to patients in 
clinical investigations are limited, an assay 


(11) In 
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giving the activities in a particular sample 
must be carried out. The necessary informa- 
tion can be derived") by analysis of the 


decay curves (cf. Fig. 3d) obtained from 47 
counter measurements. 


CONCLUSION 


The 47 G.M. counters described here 
have proved simple to construct and maintain 
and have been found suitable for the 
measurement of radioactive standards. 
Counters of similar design are already 
finding other applications in the measure- 
ment of low activity samples and _ for 
instructional purposes. 
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The experimental conditions are determined for the absolute counting of «-particles 
in the liquid scintillator. Results are compared with those obtained by 47 gas proportional 
counting. From an analysis of the pulse height distributions obtained for polonium «- 
particles and barium-137 conversion electrons it has been possible to calculate a conversion 
efficiency in the liquid scintillator of approximately 1 photon per 125 electron volts for [- 
particles and 1 photon per 1400 electron volts for «-particles. A further analysis of the 
phototube noise spectrum shows that the observed phototube noise pulses are primarily due to 
photocathode emission of single electrons. 


SCINTILLATION LIQUIDE POUR COMPTER LES PARTICULES « ET LA 
RESOLUTION D’ENERGIE DE SCINTILLATEUR LIQUIDE POUR 
PARTICULES « ET 8. 

On détermine les conditions expérimentales pour compter absolument les particules alpha 
au moyen du scintillateur liquide. On compare les résultats a ceux donnés: par le compteur 
proportionnel 47 a gaz. Suivant une analyse des distributions de hauteur des pulsations que 
donnent les particules alpha du polonium et les électrons de conversion du barium-137, on a pu 
calculer une efficacité de conversion dans le scintillateur liquide d’environ | photon par 125 
électron-volts pour les particules béta et 1 photon par 1400 électron-volts pour les particules 
alpha. Une analyse supplémentaire du spectrum du bruit du phototube montre que les 
pulsations observées du bruit du phototube ont leur origine primaire dans |’émission photo- 
cathodique d’électrons uniques. 


M3MEPEHHWE «-Y4YACTUL WM IHEPFETMUECKOE PA38PEIUEHUE 

FRU TRUX COUMHTHLLIAUMOHHBIX CYUETUMROB JLIA « Up YACTUIT 

VcTaHOB.JeHbI DKCHeCPHMeHTAIbHbIe VCIOBMA JIA U3MepeHHA AOCOJIOTHOTO YMCA albipa- 
YacTHI, *KUKUMM CIMHTIWIANMOHHBIMM cueTunKamu. JlaHoO cpaBHeHMe pe3y.IbTaTOB ¢ 
JJAHHBIMM, TO.LYYeHHBIMH Tp M3MepeHHM MpOMOpmMOHaTIbHBIM C4UeTUMKOM BHYTpeHHero 
HallOJIHeHUsAL C TeTeCHBIM yrIOM 47. AHadIM3 paciipesqeleHuA MMITYJIbCOB 110 AaMILIMTYaM B 
cayuae albia-yacTuy MOOHMA MW oJIeEKTPOHOB OapusA-137 JaeT BO3MOKHOCTbh BbIMMCJINTh 
aPPERTUBHOCTH AUKOLO CIMATHLIAWMOHHOPO CueTUMKA, PaBHY!O IpHOM3NTeIbHO 1 (OTOHY 
Ha 125 9B JIA Oera-yactuy u 1 doroHy Ha 1400 9B AA anbda-yactuy. Jlaibuetimuit ana 
CHeKTpa ILVYMOB POTOYMHOKUTE.IA MOKAZAI, YTO HAOJOAeMble MMIYJIBCHI YMA BBI3bIBAaIOTCA 
lipevKye BCero DMUCCHeli C POTOKATOAAa OMHOUHBIX DJIEKTPOHOB. 


a-MESSUNG IM FLUSSIGEN SZINTILLATOR UND ENERGIE-AUFLOSUNG 
DES FLUSSIGEN SZINTILLATORS FUR «- UND f-STRAHLEN 
Die Impulshéhenverteilung von «-Strahlung von Po*!®, welches als Lésung einem fliissigen 
Szintillator (POPOP in Toluol) beigefiigt war, wurde untersucht und ein Energieauflésungs- 
vermégen von 17°, gefunden. Die spezifische Aktivitat der Po-Lésung gemessen mittels 
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fliissigem Szintillator wurde mit Ergebnissen aus 47-Gas-Proportional-zahlermessungen 
verglichen. Eine Ubereinstimmung von +0,3°% wurde gefunden, was bedeutet, dass ‘“‘Rand- 
Effekte”’ fiir «-Strahlen gering sind. 

Um das Verhaltnis der Lichtausbeute von «- und #-Strahlen gleicher Energie im fliissigen 
Szintillator zu bestimmen, wurde eine Cs!*7-Ba!*?-Lésung in der gleichen Anordnung unter 
gleichen Bedingungen gemessen. Aus der Lage des Impulsh6henmaximums der 624 keV- 
Konversionselektronen ergab sich ein Lichtausbeuteverhaltnis von 11. 

Zur Bestimmung des “Rand-Effektes’” bei f-Strahlung wurde P*® gelést im fliissigen 
Szintillator in verschiedenen Konzentrationen (verschieden grosses Volumen des Szintillators 
gemessen und mit Bioluminiszenteffekten von Luziferin und Luziferase verglichen. Es zeigte 
sich, dass bei mittleren f-Energien von 700 keV die Zahlverluste zufolge des Rand-Effektes 
noch betrachtlich sind. 

Aus den Energieaufldsungsvermégen wurde auf den Lichtausbeutefaktor des Szintillators 
fir «- und f-Strahlung geschlossen und gute Ubereinstimmung mit Ergebnissen friiherer 
Autoren gefunden. 

Die Energieeichung mit Hilfe der «-Strahlen von Po?!” wurde dazu verwendet, eine spektrale 
Verteilungskurve fiir den thermischen Hintergrund des Photovervielfachers bei Zimmertem- 
peratur und bei—12°C ausgedriickt in Energie von /-Strahlung welche nach Absorption im 
fliissigen Szintillator die dem Dunkelstrom jeweils entsprechenden Impulsgréssen liefern. 


INTRODUCTION 


THE 47 gas-proportional counter is very in solid sources. In addition the general 


often employed for the standardization of 
a-emitting nuclides. Because of the vast 


discrimination possible between «-particle 
pulses and cosmic-ray background one can 


measure sources of very low activity with 
good accuracy, provided the sources are thin. 

However, in some cases for «-particles and 
also for /-particles, it is advantageous to 
incorporate the active material directly into 
a liquid scintillator, thus avoiding the 
problems of source self-absorption inherent 


problem of detecting heavy charged par- 
ticles in liquid scintillators is of interest to 
people engaged in neutron spectroscopy. 

It was therefore considered to be of 
interest to determine under what conditions 
it might be possible to count «-particles ina 
liquid scintillator with 100 per cent efficiency. 
It is the purpose of this paper to report 
briefly on the experiments performed and to 
present some estimates of the efficiency of the 
liquid scintillator-phototube combination. 


EXPERIMENTAL PROCEDURE 


In previous work":*) the solutes phenyl- 
biphenyloxadiazole-1: 3:4 (PBD) in combin- 
ation with p-bis (2- [5-phenyloxazolyl])- 
benzene (POPOP) were found to have the 
highest light output of any of the known 
scintillating solutes. In the present instance, 
these were dissolved in toluene in concen- 
trations of 8 g/l. and 0-1 g/l. respectively, the 
POPOP acting as a wavelength shifter. Two 
ml of this solution were delivered to an open- 
ended cylindrical Pyrex cell whose optically- 
flat bottom sat upon the flat face of a 
DuMont K1234 phototube. The Pyrex cell 
was 25 mm in inside diameter and 10 mm 
high. The cell was covered by an optically 
flat glass plate mainly to prevent evaporation 


and the whole was covered by an aluminized 
porcelain evaporating dish 2-25 in. in 
diameter. Microscope immersion oil was 
used to couple the cell to the phototube face. 
With this arrangement, the reproducibility 
of readings was better than | per cent and 
light collection efficiency was high. 

The «-particles were obtained from a 
solution of polonium chloride in 0-1 N HCL. 
While water itself is not miscible with 
toluene, an alcohol solution containing a few 
per cent water can be dissolved in toluene. 
In previous experiments on liquid scintilla- 
tion counting of tritiated water a water- 
alcohol—toluene ratio of 1:50: 250 was found 
to be quite suitable. In the experiments 
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reported here the ratio used was 1: 50: 1000, 
which is very much on the safe side. It was 
found, however, that it was necessary to 
dissolve the water solution in alcohol before 
adding it to the toluene. If a water droplet 
is added to an alcohol-toluene solution 
the droplet will not go completely into 
solution. 

The phototube was mounted on a cathode- 
follower pre-amplifer inside a_light-tight 


refrigerator. Alpha- and /-particle pulse 
measurements were made at room tempera- 
ture, although phototube noise measure- 
ments were made at room temperature and 
at —12°C. A Chase-Higinbotham non- 
overloading linear amplifer and a single 
channel pulse-height analyser were used for 
all measurements. The positive high voltage 
on the phototube was monitored to 0-01 
per cent by means of a potentiometer. 


RESULTS AND DISCUSSION 


Fig. l(a) is a pulse-height distribution 
curve obtained for the 5-3-MeV «-particles 
of Po?! in the liquid scintillator showing a 
resolution of 17 per cent. This represents a 
great improvement over the resolution ob- 
tained in previous experiments‘®) in which the 


w 
ln 
a 
° 
2 
- 
2 
2 
° 
°o 
w 
= 
- 
< 
a 
w 
a 


BASE 


LINE 


the total volume was approximately 3 per 
cent. However the data of Fig. 1(b) indicate 
a low-energy component of about 8 per cent. 
This may be due to oxidation effects at the 
surface of the liquid scintillator exposed to 
the air. 


( VOLTS ) 


Fic. l(a). Differential pulse-height distribution for Po*!° «-particles in the liquid scintillator. 


(b) Integral pulse-height distribution for P 


Po?! was plated on the tip of a small gold 
trident. The peak-to-valley ratio is increased 
by more than a factor of 10. There is still 
a slight low-energy tail due to the fact that 
some «-particles near the edge of the liquid 
will not expend all of their energy in the 
liquid. This is analogous to the “wall effect”’ 
in internal gas-proportional counting. For 
the geometry used in the present experiments 
the ratio of this “low sensitivity” volume to 


071° y-particles in the liquid scintillator. 


The amplifier gain was 15,000 with an 
input noise level of 0-1 mV. Therefore, the 
slight rise in the tail below 4 V in Fig. 1 (a) is 
not due to phototube noise which was 
negligibly low at the operating voltage of 
650 V. The low energy tail will cause the 
integral discrimination curve to have a 
slight negative slope as shown in Fig. 1(b). 
Extrapolation of the integral discrimination 
curve to zero pulse-height should give the 
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total disintegration rate of the «-particles in 
the liquid scintillator. Increasing the photo- 
tube gain will effectively saturate most of the 
pulses and remove this slope, thus making 
for a smaller uncertainty in the extrapolation. 

To test this, known aliquots of Po?! in 
0-1 N HCl-alcohol solution were delivered 
by means of a pycnometer to the scintillator 
solution and to 47 gas-proportional counter 
source mounts. With the phototube voltage 
increased to give a factor of 10 in gain the 
integral discrimination curve has an even 
smaller slope than that of Fig. 1(b) since 
most of the pulses were saturated. ‘The 
extrapolation correction amounted to only 
1 per cent and the results for the specific 
activity of the original solution agreed 
within --0-3 per cent with those obtained in 
the 47 counter. There is no problem of 
extrapolation in the 47 counter in that the 
voltage plateau, using methane as a flow gas, 
is flat within -+-0-2 per cent from 1600 V to 
2400 V. The 17 per cent resolution of 
Fig. l(a) represents an improvement over 
the approximately 80 per cent resolution 
obtained for «-particles by Basson and 
Steyn). It is now possible to make some 
estimates of the energy resolution of the 
liquid scintillator-phototube combination. 
Under exactly the same conditions of 
measurement as were used for «-particles, a 
sample of Cs!3*7—Ba!3? in HCl-alcohol 
solution was introduced into the liquid 
scintillator and the peak position for the 
624 keV conversion electron was measured. 
The ratio of the light output per unit /- 
energy dissipated to the light output per unit 
2-energy dissipated was found to be 11. Thus 
a 480 keV p-particle will produce as much 
light in the liquid scintillator as a 5-3 MeV 
polonium-210 «-particle. 

Due to the greater range of the #- 
particles the “wall effect” for the 480 keV 
electrons will be much more important, 
tending to distort the pulse-height distribu- 
tion curve. 

In order to obtain some information 
relative to the magnitude of this “wall effect”’ 
the following experiment was performed. A 
solution of P*? in water—alcohol—toluene was 
prepared and, using the same geometry as 


RATIO OF BETA-RAY LIGHT 
TO BIOLUMINESCENT LIGHT 


| 2 3 4 5 
VOLUME OF SOLUTION (m!) 
Fic. 2. Ratios of total light emitted by P%?-excited 
liquid scintillator solutions to total light emitted by 
bioluminescent firefly solutions as functions of depth 
of solutions (volume), showing the large ‘‘wall 
effect’’ at small depths of solution. 


before, the d.c. phototube current was measured 
as a function of depth (or volume) of solution 
in the quartz cell, normalizing to constant 
total activity. This data was then compared 
with the results of identical experiments 
using however, instead of the f-ray liquid 
scintillator, the bioluminescent reaction of 
firefly luciferin and luciferase. In_bio- 
luminescence all light originates as single 
quanta from excited molecules and_ thus 
there is no “‘wall effect’’. In Fig. 2 are shown 
the ratios of d.c. currents measured for /-rays 
to d.c. currents measured for bioluminescence 
as functions of the depth of solution (volume) 
in the quartz cell. Data are arbitrarily 
normalized at 5 ml volume. ‘There is a very 
marked fall-off in light intensity for small 
depths (small volumes) of solutions. At a 
1 cm depth (5 ml volume) there is still an 
appreciable “wall effect’? for the 700 keV 
mean energy /-particles, since the curve does 
not appear to be levelling off. 

If we assume that the 17 per cent re- 
solution shown in Fig. I(a) has a Gaussian 
line shape we can determine the number of 
photoelectrons required for this line width. 
We write for the Gaussian error function 


x)? (1) 


where x,, is the value of x corresponding to 
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the maximum value of ». The resolution R 
is defined by 


; (2) 


“mM 


For the Gaussian distribution, 


0-834 
(Kus aa x4) a h 


The standard deviation of a Gaussian 
distribution is given by 

0-707 
>: oli 


= (3) 


so that we obtain for equation (2) 


R = 2:36 — (4) 


om 


However a/x,, is just the relative standard 
error. For large N the Poisson distribution 
approaches the Gaussian distribution and 
since the relative standard error of a 
Poisson distribution is 1/,/N we obtain, 


finally, 
RV/N = 2:36 (5) 


The 17 per cent resolution is therefore 
produced by 193 photoelectrons. Assuming 
a photocathode efficiency of 5 per cent, the 
efficiency of the liquid scintillator for «- 
particles becomes 1-4 keV/photon, while that 
for f-rays is 125 eV/photon. This is in good 
agreement with the data of Furst and 
KALLMANN‘® and Harrison‘”. The former 
report an efficiency of 0-5 for the liquid 
scintillator relative to anthracene and 


HARRISON reported a conversion efficiency of 


65 eV/photon for anthracene. 

The peak pulse-height is directly pro- 
proportional to the number of light quanta 
produced per particle emitted and _ the 
resolution is inversely proportional to the 
square root of this number. A 4:8 keV 
electron will produce an average of 2 photo- 
electrons at the photocathode. ‘Therefore, 
approximately 14 per cent of 4:8 keV 
electrons will produce no detectable pulses. 
In addition we can say something about the 
gain required to detect all pulses from a 
4-8 keV electron. A factor of roughly 50 in 
phototube gain over that used in the present 
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Fic. 3. Pulse-height distribution of phototube noise 
from a DuMont K1234 phototube in effective f- 
energy (in keV) dissipated in the liquid scintillator. 


experiments would be required. At this 
increased voltage the thermal noise at room 
temperature would be very high and would 
be significant even at low temperatures. It 
would therefore be necessary to use co- 
incidence techniques to separate the electron 
pulses from the noise pulses with any degree 
of accuracy. ‘This puts an _ additional 
limitation on the resolution in that both 
phototubes must “see” the light from the 
scintillator’. Using the peak pulse position 
for the 5-3 MeV «-particle as a calibration 
point for a 480 keV #-ray we can obtain the 
spectral distribution of phototube noise in 
terms of effective f-energy in keV absorbed 
in the liquid scintillator. From Fig. l(a) it 
can be seen that a 480 keV electron should 
produce a peak at approximately 49 V. If 
the phototube gain is now increased by a 
factor of 10 the f-energy in keV can be 
correlated directly to the volts output of the 
amplifier. Fig. 3 shows the spectral energy 
distribution of the thermal noise from the 
phototube in volts or effective keV of /- 
energy absorbed by the liquid scintillator; 
the phototube at room temperature and at 
—12°C. The reduction in intensity by 
approximately a factor of 7 due to the 
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lowered temperature gives a work function 
of 0-3 eV which is reasonable for the semi- 
conductor photocathode surface. It can also 
be inferred from Fig. 3 that the observed 
phototube noise pulses originate at the 
photocathode and that the dynodes con- 
tribute negligibly to this quantity. This is to 
be expected since electrons originating at the 


dynodes go through fewer stages of multipli- 
cation. 
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Quelques Aspects Dynamiques de la 
Fonction Thyroidienne Etudies par la 
Méthode d’Equilibre Isotopique 


CL. SIMON et F. MOREL 


Service de Biologie du Commissariat a |’Energie Atomique Saclay (S. & O. 


La méthode d’‘‘équilibre isotopique”’ utilisée pour étudier la fonction thyroidienne in 
vivo est basée sur le principe du renouvellement d’un “pool’’ cn état dynamique station- 
naire. Elle permet de décrire une cinétique de renouvellement et de mesurer quantitative- 
ment la secrétion d’hormone thyroidienne. Elle présente l’avantage de remplacer les dosages 
chimiques d’iode dans la thyroide et le plasma par une simple mesure de radioactivité a 
Véquilibre isotopique. 

Chez les rats recevant, soit 5, soit 50 wg d’iode alimentaire par jour, les résultats obtenus 
montrent que l’iodurémie est proportionnelle a l’apport alimentaire; que la concentration 
de l’iode hormonal du plasma vaut 0,02 et 0,033 «g/ml respectivement; que la thyroide 
secréte 1 et 1,6 wg d’iode hormonal parjour respectivement. On observe des variations saison- 
niéres. Sur le plan cinétique I’étude simultanée du renouvellement de l’iode thyroidien et de 
Viode organique du plasma fait apparaitre une hétérogénéité fonctionnelle de la thyroide 
chez les animaux recevant 50 wg d’iode par jour. 


SOME DYNAMIC ASPECTS OF THE THYROID FUNCTION STUDIED BY THE 
ISOTOPIC EQUILIBRIUM METHOD 

The “isotopic equilibrium” method, used to examine the functioning of the thyroid in vivo 
is based on the principle of replacement from a pool in a dynamic stationary state. We can 
thus observe the kinetics of the replacement process and quantitatively measure the secretion 
of thyroid hormone. It has the advantage of replacing chemical determinations of iodine 
in the thyroid and the plasma by simple measurement of radioactivity in conditions of isotopic 
equilibrium. 

In rats fed with either 5 or 50 yg of iodine per day, the results obtained show that iodoure- 
mia is proportional to the intake in food; that the hormonal iodine concentration in the plasma 
is 0-02 and 0-033 ug/ml respectively; and that the thyroid secretes 1 and 1-6 ~g of hormonal 
iodine per day respectively. Seasonal variations are observable. On the kinetic level, simul- 
taneous study of the replacement of the thyroid iodine and of the organic iodine in the plasma 
reveals a functional heterogeneity of the thyroid in animals receiving 50 wg of iodine per day. 


HEROTOPbBIE JMHAMMUYECKHE ACIEKTbI ®YVHRUMM WMTOBI HOT 
SREJIESbI, USYYEHHBDIE METOJIOM W380TOHMHOTO PABHOBECIIA 

Merox ‘‘u30TOMHOTO paBHOBeciA’’, IPpMMeHeHHBIit WIA MW3yGeHHA PyHRUMONMpyrouteti 
IMTOBHAHOM *KeTe3bl in vivo OCHOBAH Ha IIPMHIMMe 3aMelleHuA M3 MeTAOOIM4eCKOrO KOTIA 
B MHaMIGeCKOe CTalMOHAapHoe cocTtosHHe. Takum 06pa30M MBI MO7KeM CeQUTb 3a KMHeTHKO! 
powecca 3aMelleHUA MW KOJIM4YeCTBEHHO M3MepATb CeKpelMi0 TOPMOHA LIMTOBMAHOL *ewesbt. 
IIpeuMyuyjecTBOM MeTOa ABIAeTCH 3AaMeCHA XUMUYECKUX OMpeetenuii WO4a B UIMTOBMAHO!L 
HKeTese M W1a3Me MpOCTEHMM M3MepeHHAMH paMOaKTMBHOCTH B YyCJOBMAX M30TOMNHOTO 
paBHonecia. 

V3 NONyYeHHEIX pe3yIbTaTOB CuleyeT, UTO y Kpbic, WOTyyaBmux oT 5 Wo 50 r noma B 
JeHb, MOMOypeMUA IIpONOpUMOHATIbHA BCAChIBAHMIO HOWa C Tuell, YTO COOTBeETCTBYIOINIAaA 
rOpMOHAIbHAA KOHIeCHTpaluA MOa B 1a3Mme cocTrasisxer 0,02 u 0,033 r/Ma MU 4TO IMTOBUAHAA 
mee3a BEIeIAeT 1 uw 1,6 r. rOpMOHAIbHOrO HOA B eHb COOTBeETCTBeEHHO. Hadsioqascb 
Ce3s0HHble KOJeOaHHA. OZHOBpeMeHHOe U3y4eHMe KMHETMKM 3aMeleHMA MOA WIMTOBUTHOL 
*Hele3bl HM OpraHWyecKOro HOAa B NasMe OOHAPYRUIO PYHKIMOHAIBHYW TeTepOreHHOCTh 
IMTOBH HOM +Kee3bl Y *KMBOTHEIX, NOTy4aBLUUXx 10 50 rT MOMa B eb. 
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EINIGE DYNAMISCHE ASPEKTE DER SCHILDDRUSENFUNKTION, 
UNTERSUCHT MIT HILFE DER METHODE DES ISOTOPENGLEICH- 
GEWICHTS 

Die Methode des “‘Isotopengleichgewichts”, mit deren Hilfe die Schilddsriisenfunktion in 
vive untersucht wurde, beruht auf dem Prinzip der Erneuerung aus dem ‘‘Depot”’ im Zustand 
des dynamischen Gleichgewichts. Sie gestattet eine Kinetik der Erneuerung aufzustellen und 
die Sekretion des Schilddriisenhormons quantitativ zu messen. Sie bietet den Vorteil, dass die 
chemische Bestimmung von Jod in Schilddriise und Plasma durch eine einfache Aktivitats- 
messung im Zustand des Isotopengleichgewichts ersetzt werden kann. 

Bei Ratten, welchen alimentar 5 bzw. 50 wg Jod pro Tag zugefiihrt wurden, zeigten die 
gefundenen Ergebnisse, dass die Jod-uremie der alimentaren Aufnahme proportional ist, die 
Konzentration von hormonalem Jod im Plasma 0,02 bzw. 0,033 ug/ml betragt, und dass die 
Schilddriise 1 bzw. 1,6 wg hormonales Jod pro Tag ausscheidet. 

In kinetischer Hinsicht ergibt sich anscheinand aus dem gleichzeitigen Studium der 
Erneuerung von Schilddriisen-Jod und organischem Jod des Plasmas eine Verschiedenartigkeit 


der Schilddriisenfunktion fiir Tiere, welche 50 wg Jod pro Tag erhalten haben. 


INTRODUCTION 


La Fonction thyroidienne a pour but 
essentiel de transformer liode minéral plas- 
matique en iode hormonal libérable dans le 
courant sanguin pour les besoins méta- 
boliques de l’organisme. 

Seul Pemploi d’un indicateur pouvait per- 
mettre d’étudier les aspects cinétiques d’une 
telle biosynthése. Le radioisotope I1?! a été 
largement utilisé a cet effect; injecté sans 
entraineur il permet de marquer [isotope 
naturel sans entrainer de perturbation dans 
le métabolisme. 

Cependant son utilisation appelle deux 
remarques: 

(1) Lorsque Viode I'*1 est administré en 
dose unique, on ne peut obtenir que des 
résultats relatifs, puisqu’il faut ramener le taux 
de fixation par la thyroide a la dose injectée. 
2) Le taux de fixation observé dépend 


ae | 


PRINCIPE DE LA METHODE 


Un “pool” en état stationnaire réalise un 
équilibre dynamique, c’est-a-dire qu’il gagne 
et qu'il perd la méme quantité de métabolite 
pendant le méme temps. 

On peut instituer un tel état dans le 
métabolisme iodé d’un animal en l’adaptant 
pendant un temps assez long a un apport 
quotidien d’iode et a des besoins méta- 
boliques constants. 


* Radioactivité spécifique. 


étroitement de la concentration plasmatique 
de Viode stable, c’est-a-dire de lapport 
alimentaire. 

Pour ces raisons, nous avons cherché 
a mettre au point une méthode qui permette 
d’avoir des résultats quantitatifs, en mesurant 
les quantités diode stable mises en jeu par 
le fonctionnement thyroidien dans des condi- 
tions physiologiques contrdélées. 

Nous avons déja signalé">”) les résultats 
obtenus en appliquant la méthode d’équili- 
bre isotopique a l’étude du métabolisme 
général de liode de lorganisme. 

Basée sur le principe du renouvellement 
dun “pool” en état dynamique stationnaire, 
elle nous permet de décrire une cinétique 
de renouvellement et de mesurer quanti- 
tativement les différents paramétres de ce 
systeme en équilibre. 


D’EQUILIBRE ISOTOPIQUE 


Cet état stationnaire étant réalisé, on rem- 
place la dose diode par une dose égale d’iode 
stable marqué par I131 4 une RAS* choisie. 

L*iode du “pool” se renouvelle conti- 
nuellement a partir de Viode marqué 
fourni. Sa RAS séléve progressivement 
pour atteindre a la limite le méme rapport 
isotopique que le précurseur alimentaire. 

ce moment, un équilibre isotopique est 
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est atteint, qui permet de définir un pool 
total de lode renouvelable. On calcule la 
valeur absolue de ce “pool” en rapportant 
sa radioactivité a la RAS de Diode fourni. 

Cette méthode s’applique a la mesure de 
la quantité diode renouvelable de la 


thyroide. Elle permet également de calculer 
la concentration en iodure et en iode 
hormonal du plasma que l’on recueille en 
fin d’expérience et que lon traite selon 
la technique décrite dans le chapitre 
suivant. 


TECHNIQUE 


Des rats males de souche Wistar, pesant 
de 180 a 200 g en début d’expérience, sont 
élevés a température constante (23-- 1°C). 
Ils regoivent pendant toute la durée de 
Pexpérience un régime de base _ pratique- 
ment privé d’iode.‘®) La dose quotidienne 
diode choisie pour chaque groupe expéri- 
mental est administrée par la boisson sous 
forme de KI, en considérant qu’un animal 
boit 15 ml deau en 24 h (moyenne des 
mesures effectuées sur 20 animaux pendant 
un mois dans les mémes conditions) 

Nous admettons un délai minimum de 2 
mois pour la réalisation de état dynamique 
stationnaire du métabolisme iodé de ces 
animaux (voir Discussion). 

Ce délai étant écoulé, nous remplacons 
la boisson habituelle par la solution marquée. 
Nous préparons a cet effet une réserve de 
solution suffisante pour ¢tre utilisée pendant 
toute la durée des mesures. 

Le renouvellement de Viode de la thy- 
roide est suivi 7m vive pendant 35 jours par 
détection externe des rayonnements y émis 
par Diode I1%1 fixé par la glande. Le 
détecteur est un scintillateur a cristal 
de Nal. Chaque mesure est rapportée a un 
échantillon témoin de la solution ingérée. 
Ceci permet d’effectuer automatiquement 
la correction de décroissance du radioélé- 
ment et de se placer par conséquent dans 
le cas particulier ot la RAS de Diode fourni 
serait constante pendant toute l’expérience. 

Pour avoir des mesures comparables, il 
est indispensable que l’animal soit, pour 


RENOUVELLEMENT DE 


A. Courbe de renouvellement 


Le rapport des mesures effectées a celles 
d’un échantillon témoin de la boisson nous 
permet de tracer une courbe de renouvelle- 


chacune d’elle, en position fixe vis-a-vis du 
détecteur. Il est d’autre part préférable 
d’étudier le phénoméne sur -un animal 
non anesthésié. Pour ces raisons, nous utilisons 
un appareil de contention qui maintient 
animal allongé, le cou en extension, et 
l immobilise des épaules au museau en 
laissant sa respiration libre. Nous habituons 
les animaux quelques jours auparavant a 
subir cette contention pendant la durée 
des mesures (4 minutes). Ces mesures sont 
effectuées a la méme heure de la journée a 
Paide d’un scintillateur y collimaté. 

En fin d’expérience nous tuons les ani- 
maux par saignée au coeur. Le sang est 
recueilli sur héparine et centrifugé. Le 
plasma (environ 3 g) est pesé et traité, en 
présence d’entraineurs (10 mg KI, 100 yg 
de thyroxine, de triiodothyronine, de diodo- 
tyrosine et de monoiodotyrosine), par un 
volume égal d’acide trichloracétique a 10 
pour cent. Le précipité est décanté et lavé 
deux fois par un méme volume d’acide 
trichloracétique a 5 pour cent. L’iode 
minéral se trouve dans le surnageant, 
Yiode hormonal dans le précipité. La 
radioactivité des échantillons est mesurée 
dans un scintillateur y a cristal creux et 
comparée a celle d’un échantillon témoin de 
la boisson. 

Nous présentons les résultats obtenus avec 
des groupes d’animaux recevant respective- 
ment 5 et 50 wg diode par jour. Pour 
chacune des doses, deux expériences ont été 
faites a des périodes différentes de année. 


L’IODE THYROIDIEN 


ment exprimée en yg diode stable (Fig. 1). 
Cette courbe apparait comme une fonc- 
tion exponentielle simple du temps (voir 


Discussion). Soit Q, la quantité d’i de 
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a | log (0,,-@,) Rat n°9:50wqg I/jour 


re) 


oe a 
pee iat 


Q, =20,8 -19,4 exp (-0,06!7) 


20 30 
Jours 


Fie. 1. 


renouvelée au temps ¢. Cette fonction est 


décrite par la relation: 
Q: = Vea — [Gea — Vo] exp (—2#) 


Qeq (ug) représente le pool total fonc- 
tionnel de Viode de la thyroide (quan- 
tité diode renouvelée a Jl équili- 
bre isotopique), 

Q, (ug), une quantité d’iode renouvelée 
trés rapidement a l’échelle de temps 
de l’expérience, 

x (jour~?), la constante de renouvelle- 
ment. 

L’analyse mathématique de cette courbe 
nous permet de calculer la constante de 
renouvellement de la facgon suivante: 


at = In (Qeq —@,) —in (Qeq — Q)) 


ou 


d’ot 


see ne 


En passant en coordonnées semi-loga- 
rithmiques décimales nous mesurons un 
décrément logarithmique: 


i= 6 [924] 


a partir duquel nous calculons la constante 
de renouvellement «: 


a = 23d 


La valeur Q, est obtenue par extrapo- 
lation au temps t = 0 

Ces résultats sont groupés dans les Tab- 
leaux | et 2. 


B. Calcul de la sécrétion hormonale 


Le systéme étant en état stationnaire, par 
définition le flux d’entrée (exprimé en yg 
1/24 h) est égal au flux de sortie S. 

Par conséquent, la constante de renouvelle- 
ment « mesure la fraction du pool (Qeq — Qo) 
qui est secrétée chaque jour sous forme d’ 
hormone, et 


S = a (Qeq — (Tableaux 3 et 4) 


Qo): 


DOSAGE DE L’IODE PLASMATIQUE A L’EQUILIBRE ISOTOPIQUE 


Les résultats de ces dosages sont présentés 
dans les Tableaux 5 et 6. En ce qui con- 
cerne l’iodure, les concentrations trouvées 
pour les 2 groupes ont entre elles le méme 
rapport 10 que les doses d’iode alimentaire. 
Ceci laisse supposer que liodurémie ne subit 
aucun autre controle que celui de |’élimi- 
nation rénale qui en fixe le niveau. D’autre 
part la dose quotidienne d’iode alimentaire 
est suffisante pour assurer plusieurs fois 
par jour le renouvellement de la totalité 
de l’iode du plasma. 

Quant a l’iode hormonal plasmatique, le 
rapport de concentration de 1,5 environ 
entre les 2 groupes est le reflet d’une forte 
régulation endocrinienne au niveau de la 
thyroide. 


On peut en effet noter (Tableaux | et 2) 
que, bien que disposant d’une quantité 
diodure plasmatique dix fois plus grande, 
les thyroides des animaux du deuxiéme 
groupe n’ont augmenté leur contenu en 
iode physiologiquement actif que de 50 pour 
cent environ. 

En admettant un espace de distribution de 
10 pour cent du poids du corps pour l’iode 
hormonal extrathyroidien—ce qui est stre- 
ment un maximum—nous pouvons calculer 
la quantité totale d’hormone circulante. 
Ce calcul approximatif nous montre que la 
quantité d’hormone thyroidienne secrétée en 
24 h est suffisante pour remplacer deux fois 
la totalité de hormone plasmatique. 

En conséquence, si nous suivons au 
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TaBLEAu |. Cinétique du renouvellement de l’iode TaBLeAu 2. Cinétique du renouvellement de l’iode de 
de la thyroide chez des rats recevant 5 wg d’iode la thyroide chez des rats recevant 50 mg d’iode par jour 
par jour 


gt | Animal | : 
| | Expérience | Qea (ME) | Qo (ug) | & (jour~2) 
no. ae slay 
| 


| | | 
Expérience | ie | Qea (ug) | Qo (ug) | & (jour?) 
< | | | 1,35 | 0,0695 
| | , Be | 0,0695 
| 0,070 
0,077 
0,101 


! 

! 

| € 

| - _ 7 _ — - - 


| | Moyenne 4 0,077 
Moyenne +-| : i | déviation | +3, } + +0,013 

| déviation | + | + 4 | standard 

standard | 22 a 


6 | 3; 270 0,086 
0,093 
0,082 
0,076 
0,088 


- — —— | Moyenne +| 27, PY x 0,085 
Moyenne +- | 0,76 | 0,078 | déviation ear 93 | +0,006 
déviation | +2,1 | +0,38 | +0,006 | standard 

standard | 


TasieEAu 3. Mesure de la secrétion d’hormone chez des TABLEAU 4. Mesure de la secrétion d’hormone chez des 
rats recevant 5 yg d’iode par jour rats recevant 50 wg d’iode par jour 


Animal Secretion ne Animal | Secretion 
(ug 1/24 h) ‘i | no. | (ug 1/24h) 


1,06 0,76 

0,785 : 1,35 

0,98 1,06 

0,72 . 1,31 

5 0,97 ; 1,56 

Moyenne | 0,90 Moyenne 1,21 

t déviation | +0,14 -_ déviation +0,31 
standard standard 


1,01 6 

1,29 7 

’ 8 

9 9 

10 
Moyenne Moyenne 
t déviation +0,16 t déviation 

standard standard 
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TaBLEAu 5. Dosage de l’iode du plasma a l’équilibre isotopique chez des rats recevant 5 ug 
d’iode par jour 


Iode hormonal Iodure 


eee Animal 
Expérience Fee a pe ea as —— 


no. 


(myg/I par ml) | (%) | (myg/I par ml) | 
| 


5 
Se) 


-— mem NO NO NO 


NO = — 
— — OI On ¢ 


Moyenne 
déviation 
standard 


6 


, 


8 
9 
10 


Moyenne 
déviation 
standard 


Tas LEAu 6. Dosage de liode du plasma a |’équilibre isotopique chez des rats recevant 50 wg d’iode par jour 


Iode hormonal Iodure 
thse one Animal 
Expérience : =e 


(myg/I par ml) % (myg/I par ml) 


162 
225,4 
188,5 
167 
165 


Moyenne 3434 181,5 
déviation +2, 12.6 +2Z6,6 
standard 


Moyenne 
déviation 
standard 
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niveau du plasma le renouvellement de 
hormone circulante, nous devons avoir une 


image exacte du renouvellement de l’hor- 
mone contenue dans la thyroide. 


ETUDE SIMULTANEE DU RENOUVELLEMENT DE L’IODE TOTAL DE 
LA THYROIDE ET DE L’IODE HORMONAL DU PLASMA 


A sept temps choisis au long des 35 jours 
d’une expérience nous mesurons la radio- 
activité fixée par la glande comme il est 
décrit ci-dessus; immédiatement aprés, nous 
prélevons environ 500 mg de sang par voie 
rétro-orbitaire sous anesthésie légére a 
Péther. Le sang recueilli sur héparine est 
centrifugé. Le plasma est pesé (environ 
300 mg) et traité en présence d’entraineurs 
(1 mg KI, 50 wg de thyroxine, de triiodo- 
thyronine, de diiodotyrosine, et de monoiodo- 
tyrosine) comme il est écrit ci-dessus. 

Nous pouvons tracer une courbe tradui- 
sant le remplacement de Viode hormonal 
plasmatique par l’iode marqué ingéré. Soit 
C’, la concentration de Tiode hormonal 
plasmatique renouvelé au temps ¢. Cette 
courbe est décrite par la relation: 


C, = Coq [1 — exp (—K)] 


4 ' 
£91] 10g (Qeg-O) 
Rat n°8:5yg iodure/jour 


Thyroide 


A 
£91 | 109(Q.-O,) 


ou 
C.4 (myg/ml) est la concentration de liode 
hormonal plasmatique, 


K (jour~'), la constante de renouvelle- 
ment du pool. 


L’analyse de cette courbe en coordonnées 
semi-logarithmiques nous permet de mesurer 
la constante K. (Figs. 2 et 3). 

Les résultats sont présentés dans _ les 
Tableaux 7 et 8. Une différence trés nette 
apparait entre les deux groupes. Pour les 
animaux recevant 5 ug diode par jour, la 
radioactivité spécifique de Diode de lhor- 
mone plasmatique varie a la méme vitesse 
que celle de Viode du pool total de la 
thyroide (comparer les Tableaux 7 et 1). 
Pour les animaux recevant 50 ug diode par 
jour, au contraire, la radioactivité spécifique 
de Viode organique du plasma augmente 
deux fois plus vite que celle de l’ensemble du 
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TasLeAu 7. Cinétique du renouvellement de Tiode 
hormonal plasmatique chez des rats recevant 5 yg d’iode 
par jour 


Siietiiiiaiiin Animal | Ceq K 
*P (mug I/ml) | (jour—*) 


0,068 
0,039 
0,044 
0,105 
0,055 
Moyenne +- 
déviation 
standard 


0,088 
0,063 
0,093 
0,085 


0,081 
== 0,0 l ] 


Moyenne +- 
déviation 
standard 


pool de la glande (comparer les Tableaux 8 
et 2). 

En d’autres termes liode hormonal thy- 
roidien qui participe a la secrétion se 
renouvelle plus vite, dans ce groupe, que 
Piode total de la glande. 

Nous pouvons expliciter ces résultats en 
comparant a chaque temps ¢ la fraction 
respective de ces deux pools qui s’est 
renouvelée depuis le temps zéro, c’est-a-dire 
en effectuant le rapport: 


oa ee 


Ce rapport est égal au rapport de la RAS 
vraie de l’hormone secrétée a la RAS 
moyenne de l’ensemble de la thyroide. 

Nous avons porté dans les Tableaux 9 
et 10 les valeurs de ce rapport en fonction du 
temps, les équations des droites de régression 
correspondantes et leur degré de signification 
statistique. Deux exemples expérimentaux 
de ces droites sont donnés par la Fig. 4. 

Pour les animaux recevant 5 wg d’iode par 
jour, 8 droites de régression sur 10 ne sont 
pas significativement distinctes d’une hori- 
zontale au seuil de p = 0,05. Les thyroides 


TaBLeEAu 8. Cinétique du renouvellement de l’iode hor- 
monal plasmatique chez des rats recevant 50 wg d’iode 
par jour 


Expérience | Animal | Ceq K 


no. | (my g I/ml) | (jour™?) 


0,082 
0,137 
0,174 
0,125 
0,091 


0,122 
+0,037 


| Moyenne + | 
déviation 
standard 


0,195 
0,177 
0,165 
0,172 
0,162 


0,174 
+0,013 


Moyenne + 
déviation 
| standard 
| 


de ces animaux renouvellent l’hormone 
qu’elles secrétent a la méme vitesse qu’elles 
renouvellent leur pool total puisque le 
rapport de la RAS de hormone a la RAS 
moyenne du pool total est constant et 
équivalent a 1. 

Par contre, pour les animaux recevant 
50 wg diode par jour, 9 droites de régression 
sur 10 ont une pente négative significative 
au seuil de p=0,05. Leurs_ thyroides 
renouvellent Vhormone qu’elles secrétent 
environ deux fois plus vite qu’elles renou- 
vellent ensemble de leur pool puisque le 
rapport des RAS est voisin de 2 a lorigine 
et tend vers 1 en atteignant l’équilibre 
isotopique. Notons, pour ce groupe, que 


Rat n° 3:51 /jour 


y 70,0129 x+0 ,465 
720,948 p <0,00! 


20 30 Jours 
Rat n°6 :50g !/jour 


y=7-0,047x +1,705 
r=0,917 »<0,00! 
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Tas eau 9. Evolution en fonction du temps (x) du rapport (y) de la radioactivité spécifique de l’iode hormonal 
secrété a celle de l’iode total de la thyroide chez des rats recevant 5 wg d’iode par jour 


| 
| Coefficient de correlation) Degré de signification 


x 


| Animal 


Expérience 
no. 


| 
| Droite de regression 
| 


| 

> 0,1 

- p > 0,002 
> 0,001 

> 0,1 


y = 0,00655x + 0,695 
9 = 0,00747x + 0,664 
9 = 0,01285x + 0,465 
y = —0,00173x + 1,125 
y = 0,00740x + 0,727 


0,05 


0,504 


S'S D'S 'D T'S DT DS 


y = 0,00272x + 0,984 
y = —0,00712x + 1,178 
y = 0,00306x + 0,943 
'y = —0,00556x -+ 1,128 
y = —0,00980x + 1,342 


0,136 
0,575 
0,284 
0,321 
0,426 


Tas.eau 10. Evolution en fonction du temps (x) du rapport (1), de la radioactivité spécifique de l’iode 
hormonal secrété, 4 celle de l’iode total de la thyroide chez des rats recevant 50 ug d’iode par jour 


| Animal 


Expérience 
no. 


Droite de regression 


| Coefficient de correlation! Degré de signification 


» = —0,0470x + 1,705 
= —0,0617x + 2,065 
- 2,150 
2,365 
1,055 


'y = —0,0840x + 
+= —0,0615x + 
»= —0,0073x + 
— —0,0658x -+ 
»= —0,0389x + 
'y = —0,0933x + 
» = —0,0370x - 


2,417 
1,941 
2,970 
f 1,972 
y = —0,0341x + 1,790 


0,917 p < 0,001 
0,814 0,02 > p > 0,01 
0,864 0,01 > p > 0,001 
0,987 p < 0,001 
0,226 

0,786 
0,703 
0,748 
0,842 
0,833 


- 0,001 
> 0,01 


les droites de régression calculées ont pour 
but d’établir une corrélation entre la valeur 


DISCUSSION ET 


1. Critique de la méthode 

(a) Nous avions admis a priort qu’un délai 
de 2 mois était suffisant pour établir un état 
stationnaire avec les quantités quotidiennes 
diode choisies. La valeur moyenne de 0,08 
trouvée comme constante de renouvellement 
des deux groupes confirme cette hypothése 
puisque, dans ces conditions, le contenu en 
iode de la glande est complétement rem- 
placé en 13 jours. 

(b) La RAS de Viode administré a pour 
valeur le premier jour: 


de ce rapport et le temps, et non d’en 
décrire l’évolution. 


CONCLUSIONS 
0,2 uwc/ug pour le 
d’iode par jour 
0,12 uwc/ug pour le groupe en recevant 50. 


groupe recevant 5 ug 


Le renouvellement se traduit par une 
fixation quotidienne de radioactivité dont la 
valeur décroit en fonction du temps selon 
la période propre du radioélément. Bien 
que les expériences durent 35 jours, histolo- 
gie ne révéle pas de radiolésions. Nous 
admettrons donc que la physiologie thy- 
roidienne n’est pas perturbée par ce traite- 
ment. 
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(c) En principe, la totalité de Viode 
ingéré est contenue dans l’eau de boisson. 
Le régime solide est un régime Remington 
modifié.“) Ce type de régime apporte de 
0,3 a 0,5 wg Wiode par jour a chaque 
animal,’?) ce qui est peu vis-a-vis des 
quantités d’iode fournies par la boisson. 

(d) Nous avons vu par les expériences CG 
et D que le renouvellement de Tliode 
hormonal a partir de liode alimentaire 
s'effectue a un taux de 0,08 jour~’. Par 
conséquent, les mesures faites sur le plasma 
au bout de 35 jours sont bien réalisées a 
Péquilibre isotopique. 


2. Aspect cinétique du renouvellement de l’iode de 
la thyroide 

Les glandes des rats recevant 5 wg d’iode 
par jour renouvellent liode hormonal qu’- 
elles synthétisent a une vitesse équivalente a 
la vitesse moyenne de renouvellement du 
pool total de liode fonctionnel. Par con- 
séquent, ensemble des métabolites repré- 
sentant chacun un chainon du _ processus 
de synthése constitue un pool homogéne. 


Ce pool se comporte comme un systéme 
en état stationnaire a un seul compartiment 


dont la constante de renouvellement « 
permet le calcul du flux de sortie, c’est-a- 
dire de la secrétion. La valeur d’extrapola- 
tion Q, reste de lordre de précision des 
mesures, et comporte donc peu d’intérét 
dans ce groupe. 

Par contre, les glandes des rats recevant 
50 mug diode par jour renouvellent liode 
hormonal qu’elles secrétent a une vitesse 
supérieure a la vitesse moyenne de renouvel- 
lement du pool thyroidien total pris pour 
référence. Des résultats analogues ont déja 
été obtenus par voie pharmacodynamique 
en bloquant le renouvellement de Viode par 
le perchlorate. 

Or, dans nos conditions expérimentales et 
en fonction du temps, la thyroxine, terme 
ultime de l’anabolisme iodé intrathyroidien, 
devrait posséder une radioactivité spécifique 
inférieure, ou a la limite égale a la moyenne 
de celle de ses précurseurs, si l’ensemble de la 
glande fonctionne et se renouvelle de facgon 
homogéne. Pour rendre compte du résultat 
observé on doit donc admettre qu’une 


“hétérogénéité fonctionnelle’’ se manifeste 
dans ce groupe; deux hypothéses peuvent 
étre émises pour expliquer une telle hétéro- 
généité, basées toutes deux sur des considéra- 
tions histologiques. Les thyroides des ani- 
maux recevant 50 wg diode par jour 
montrent des vésicules de dimensions trés 
variables, avec en général passablement de 
colloide, et des signes de thyréostimulation 
d’intensité diverse selon les régions; au 
contraire, les thyroides des animaux recevant 
5 wg Wiode par jour ont un aspect plus 
régulier, des vésicules petites, peu de colloide 
et manifestent les signes d’une intense thyréo- 
stimulation généralisée.‘” 

Compte tenu de ces images, on pourrait 
admettre, chez les rats recevant la forte dose 
diode, qu’une partie du parenchyme thy- 
roidien posséde une activité fonctionnelle 
plus grande que le reste, renouvelle l’iode 
quelle contient plus rapidement, et participe 
de fagon prépondérante a la_ secrétion 
hormonale; on comprendrait alors pourquoi 
hormone secrétée peut posséder, dans ce 
groupe une radioactivité spécifique initiale- 
ment supérieure a celle de ensemble de la 
glande. Une autre interprétation apparait 
aussi possible: lorsque les vésicules contien- 
nent beaucoup de colloide, il est probable 
que le renouvellement de la thyroglobuline 
située a la périphérie des vésicules s’effectue 
beaucoup plus rapidement qu’au centre des 
vésicules; or, si ’ hormone secrétée provient 
de Vhydrolyse de la thyroglobuline péri- 
phérique, on comprend que sa radioactivité 
spécifique puisse étre, au début, supérieure a 
celle de Vensemble, lorsque la_thyroide 
contient une forte proportion de vésicules 
riches en colloide. 

Des études en cours‘”) devraient permettre 
de décrire avec davantage de précision les 
corrélations qui unissent la cinétique du 
renouvellement de liode thyroidien et de 
Piode hormonal plasmatique dans ce groupe 
et de rendre compte des discordances qui 
subsistent. 


3. Régulation de la sécrétion hormonale 


Sur le plan biologique, cette méthode 
d’équilibre isotopique permet de connaitre 
exactement les quantités d’iode utilisées 
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pour le fonctionnement de la glande. Elle 
permet de mettre en évidence dans la 
thyroide une régulation étroite de l’ hormono- 
génése vis-a-vis de lapport alimentaire 
diode. Elle procure d’autre part, la mesure 
précise, tout au moins pour les animaux 
du premier groupe, de la quantité d’iode 
secrété chaque jour sous forme d’hormone. 
La forte régulation que nous signalons 
se confirme d’ailleurs par l’aspect_histolo- 
gique des glandes. Les thyroides des ani- 
maux recevant la plus faible quantité d’iode 
ont un aspect de stimulation beaucoup plus 
intense que celles de l’autre groupe. II serait 
alors intéressant de connaitre le niveau de 
thyréostimulation pour les deux groupes, et 
de chercher une corrélation entre ce niveau 
et la concentration en hormone plasmatique. 
Si cette corrélation n’existe pas, la régulation 
pourrait étre due a une proportion différente 


de triiodothyronine dans|’ hormonesecrétée.‘® 
En outre, on ne peut rejeter a priori la 
possibilité d’une régulation par l’iodurémie. 


4. Conclusions 

La méthode d’“‘équilibre isotopique”’ per- 
met d’étudier la cinétique de la fonction 
thyroidienne d’une fagon simple et quanti- 
tative avec une bonne précision. Elle permet 
également de dresser des bilans iodés sans 
tuer les animaux et sans faire de dosages 
chimiques en remplagant ceux-ci par des 
mesures de radioactivité a léquilibre iso- 
topique. 

L’établissement de cet équilibre isoto- 
pique est trés facile a réaliser puisque la 
seule intervention consiste a fournir aux 
animaux, pendant 35 jours, une boisson 
iodée (d’une RAS connue) mise en réserve 
dés le début de l’expérience. 
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Styrene is polymerized here in methylene dichloride (homogeneous phase) by the irradiation 
of Co®® y-rays at —78°C. The polymerization rate measured here is about two hundred times 
higher than the calculated radical polymerization rate at the same temperature and no oxygen 
effect is found. Addition of some organic compounds into the polymerization system shows the 
ionic character of the polymerization mechanism. The rate of polymerization increases propor- 
tionally with styrene concentration up to 1-5 mol/l and has linear dependence on the dose rate. 
The y-ray induced copolymerization analysis of a 1 : 1 mixture of styrene and methyl metha- 
crylate and a 3 : 1 mixture of styrene and f-methoxystyrene shows the cationic polymerization 
mechanism at low temperature. The polymerization mechanism that explains semi-quanti- 
tatively the experimental results is proposed here. 


LA POLYMERISATION IONIQUE DU STYROLENE DANS CHLORURE 
DE METHYLENE PAR RADIATION IONISANTE 


Styroléne est polymérisé dans chlorure de méthyléne (phase homogéne) par l’irradiation de 
rayon y de Co®’ en température —78°C, La vitesse mesurée de la polymérisation est vers deux 
cents fois plus grande que celui calculée de la polymérisation radicalaire en méme température 
et rien d’effect d’oxygen est observé. Addition des composés organiques a la systém de la poly- 
mérisation indique le caractére ionique du mechanisme de la polymérisation. La vitesse de la 
polymérisation augumente proportionellement avec la concentration de styroléne jusqu’a 1,5 
mole/] et a la dépendance linéaire sur l’intensité des rayon y. L’analyse de la copolymérisation 
amorce par rayon de mélange | : | de styroléne et de méthacrylate de méthyle et de mélange 
3: 1 de styroléne et de p-méthoxystyroléne indique le méchanisme de la polymérisation cat- 
ionique en température basse. Ici le méchanisme de la polymérisation qui explique sémiquanti- 
tativement les résultats expérimentaux est proposé. 


NMOHHAA TOJIMMEPHSAUMA CTMPOJIA B METIJIEH XJIOPU TE 
HPH BOS TENCTBUM WOHMSUPYIOMNIETO MW3.IY4YEHHA 

Vsyyanach TNOuuMepH3alMA CTHpOda B MeTIJeHIUxXIOpuze (romoreHHan (pa3a) pH 
oouyyeHnn y-yyamu Co® npu —78°C. WsmepeHuand ckopocTbh HOaMMepu3zaynm OKaszaacb 
IpUuMepHO B ABeCTH pa3 BEINE, YM PACCUNTAHHAA CKOPOCTH palMKaIbHol WOMMMepi3zayun Upu 
TO Ate TeMIlepaType: He ObIIO OOHAPy+KeHO HUKAKOTO BIMAHMA KHCIOpona. Jlodapuenne 
HEKOTOPHIX OpraHWueCKHX BeLleCTB B MOJIMMepM3ylOllyocA CUCTeMy O3BOJIAeT YCTAHOBUTb 
MOHHEIi MeXaH3M ToaMMepu3zayun. CKopocrh NouMMepu3ayuM BO3spacTaeT mponop- 
MOHAIbHO KOHIeHTpanun crupoma 20 1,5 MowA/IMTp M JIMHeiHO 3aBMCHT OT MOLIHOCTH 
03h. AHaJM3 CONOUMMepu3alM Ip BoOsqelicTBUM y-U31yYeHUA CMeceit CTMpOa C MeTHLI- 
MeTakpHaatToM (1:1) mM cTupoda © w-MeTOKCHCTMpOOM (3:1) yKa3bIBaeT Ha KaTHOHHBIif 
MeXaHH3M TOJMMepi3alnuu pu Hu3sKOli Temueparype. IlpequomenHbIii MexaHiu3M T0JIM- 
MepH3alM NWO3BONHeT JaTb TOJly-KOUMYeCTBeHHOe OO0’ACHeHMe TOJIYYeHHBIX 9KCHepu- 
M€HTAJIbHEIX Pe3yIbTAaTOB. 
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IONISCHE POLYMERISATION VON STYROL IN METHYLENDICHLORID 
HERVORGERUFEN DURCH IONISIERENDE STRAHLUNG 


Die Polymerisation von Styrol in Methylendichlorid (homogene Phase) wurde mittels y- 
Strahlung von Co bei —78°C durch-gefiihrt. Die hierbei gemessene Polymerisationsrate ist 
ungefahr 200 mal hoéher als die berechnete Radikal-Polymerisationsrate bei gleicher ‘Tempera- 
tur und es wurde kein Sauerstoffeffekt gefunden. Beigabe von organischen Verbindungen 
zum Polymerisationssystem erwies den ionischen Charakter des Polymerisationsmechanismus. 
Bis 1.5 Mol/1 wachst die Polymerisationsrate proportional mit der Styrolkonzentration und 
zeigt lineare Abhangigkeit von der Dosisrate. Die Analyse der durch y-Strahlung hervor- 
gerufenen Copolymerisation einer 1:1 Mischung von Styrol- und Methylendichlorid und 
einer 3:1 Mischung von Styrol- und -Methoxystyrol ergibt Kationenpolymerisation bei 
tiefen Temperaturen. Der hier vorgeschlagene Polymerisationsmechanismus gibt eine halb- 
quantitative Erklarung der experimentellen Resultate. 


INTRODUCTION 


Ir is well known that the radiation-induced 
polymerization of vinyl monomers especially 
at room temperature proceeds by the radical 
chain mechanism.“ Some abnormalities 
found in the solution polymerization have 
been explained by energy transfer mechanism 
between monomer and solvent.'?) Recently 
Davison, CHARLESBY and PINNER reported 
the radiation-induced polymerization of iso- 
butylene at low temperature.) It is 
interesting that their experiments show the 
ionic character of the polymerization by 
ionizing radiation. If suitable conditions are 
chosen, the ionic species produced in the 


Methylene dichloride was washed by 
dilute aqueous potassium carbonate solution 
and water, then distilled twice in the presence 
of phosphorous pentoxide as the dehydrating 
agent. Styrene, methyl methacrylate and 


p-methoxystyrene were purified in a usual. 
way and poured into the glass test-tube 
with methylene dichloride and sealed off 
in vacuum. Additives were the commercial 
The 


guaranteed grade reagents. sealed 


Table 1 represents the relation between 
the yield of polymerization and the dosage of 
irradiation at 2 < 10% r/hr in [styrene: 
methylene chloride = 1 : 3 (volume ratio) | 
system. 

As shown in Table 1, the polymerization 


EXPERIMENTAL 


RESULTS AND 


primary steps of the radiation reactions may 
be utilized as the initiating entities of the 
vinyl polymerization. For clarifying the 
kinetics of radiation-induced polymerization 
at low temperature, methylene dichloride is 
here chosen as the solvent in the polymeri- 
zation of styrene. Methylene dichloride is 
very suitable because it has a very low 
melting point and also a very high dielectric 
constant. ‘Therefore, the polymerization 
may be carried out in the completely homo- 
geneous phase and the cation—anion (or 
electron) pairs may be stabilized by the 
strong solvation. 


tubes were fixed in the dry ice—methanol 
bath (—78°C) and irradiated by Co®® y-rays 
at dose rates from ca. 5 x 10% r/hr to ca. 
2-5 x 104 r/hr. After irradiation, polymer 
was precipitated into methanol and dried in 
vacuum and weighed. ‘The intrinsic viscosi- 
ties of polymer benzene solution were 
measured by the Ubbelohde-type visco- 
meter and the molecular weights were 
calculated by the equation of Mayo et al.® 


DISCUSSION 


starts simultaneously when the system is 
irradiated and no induction period is found. — 
The increase of the polymer yield is directly 
proportional to the irradiation dosage and 
there is no difference between the rate in 
vacuum and that in air. 


Absence of the 
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Tasie 1. Polymerization rate and irradiation 
dosage 

Atmosphere of | Dosage Polym. yield | M, 
irradiation | (r (%) | 
Vacuum 2-8 x 10° 3-5 | 93,000 
Air 28 x 10° | 3-4 82,000 
Vacuum 74x 10° | 9-7 78,000 
Vacuum | Eel x i> 15-6 95,000 


inhibiting action of oxygen is one of the 
characteristics of the ionic polymerization. 

The polymerization rate of the same 
system at room temperature is obtained as 
0-62 per cent/hr and by the values of 
activation energy (E,, — E,/2 = 6-3 kcal) 
the rate of polymerization at —78°C is 
calculated to be 0-0014 per cent/hr. Accord- 
ingly, the observed value (0-26 per cent/hr) 
is found to be about two hundred times the 
calculated value as radical polymerization. 

Effects of some additives are examined on 
the system [styrene: methylene dichloride: 
additive = 1 : 3 : 0-1 (volume ratio) ] in the 
presence of air and the following compounds 
are found to be effective as inhibitors. 

(1) Methyl alcohol, ethyl alcohol, propyl 
alcohol, butyl alcohol and cyclohexyl] alcohol. 

(2) Formaldehyde, acetaldehyde, acetone, 
methylethylketone and cyclohexanone. 

(3) Triethylamine, pyridine, acrylo- 
nitrile, ethylmercaptan and dioxane. 

The following compounds show weakly 
inhibiting action on the same _ polymeri- 
zation system. 

(4) Methyl acetate, ethyl acetate, butyl 
acetate, vinyl acetate, ethyl malonate, ethyl 
formate and benzyl acetate. 

(5) Nitromethane, nitroethane and nitro- 
benzene. 

The compounds mentioned above have 
atoms possessing lone-pair electrons such 
as nitrogen, oxygen or sulphur atoms in their 
molecules and have abilities for inhibiting 
the ionic polymerization initiated by the 
Lewis-acid type catalysts. Radical poly- 
merization was not known to be inhibited 
by such compounds. 

The compounds mentioned below have no 
inhibiting action, i.e. retard or accelerate 
the polymerization of styrene. 

(6) Heptane, cyclohexane, benzene, tolu- 
ene, ethylbenzene and o-xylene. 


(7) Acetic acid, phenylacetic acid and 
benzoic acid. 

(8) Chloroform, carbon _ tetrachloride, 
ethylene dichloride, trichloroethane, tetra- 
chloroethane, pentachloroethane, hexa- 
chloroethane, trichloroethylene, bromoform, 
ethylbromide, ethyliodide, chlorobenzene 
and o-dichlorobenzene. 

(9) Carbon disulphide, hydroquinone, 
diphenyl - picryl - hydrazyl. ‘Trichloroacetic 
acid is found to accelerate markedly the rate 
of polymerization. Diphenyl-picryl-hyd- 
razyl as the typical inhibitor of the 
radical polymerization shows _ retarding 
action in this case. 

Dependence of the polymerization rate 
on the initial monomer concentrations is 
represented at four different dose rates in 


Table 2. 


TABLE 2. Relation between the initial monomer concen- 
tration and the rates of polymerization of styrene 


| | _—— -ate | Polym. rate 
Dose rate [M] | Polym. rate 


Exp. No. (rfhr x 1074) | (mol/!) | Nope 3 | earn M, 
| | 
V 9 0-51 0-86 0-805 0-94 | 49,000 
Vv 7 0-51 1-44 1-50 1-04 | 79,300 
v 5S 0-51 2-16 2-06 | 0-95 70,000 
Vil 0-51 2-50 1-45 0-58 69,000 
V 13 0-91 0-86 1-55 1-80 52,500 
Vi15 0-91 1-44 2-76 1-91 | 73,700 
V 24 2-14 0-86 3-94 4-58 56,100 
V 25 2°14 1-44 6-40 4-44 81,000 
V 26 2°14 2-16 8-50 3-93 | 89,600 
V 21 2-28 0-86 4:19 4-88 | 59,700 
V 22 2-28 1-44 6-82 4-73 86,800 
V 23 28 2°16 9°38 4°34 98,500 


As shown in Table 2, the linear relation- 
ship is recognized between the rates of poly- 
merization and the initial monomer concen- 
trations of styrene in methylene dichloride, 
but above ca. 1-5 mol/l the rates decreased 
clearly. This deviation is found to increase 
more and more with higher styrene concen- 
tration. ‘This is perhaps due to the partial 
solidification of the reaction system, for 
styrene has a higher melting point than that 
of the solvent used. In the cationic polym- 
erization of styrene by certain Lewis-acid 
type catalysts), the rates of polymerization 
have been generally recognized to depend 
on the first order of the initial concentrations 
of monomer. 

Molecular weights are also tabulated in 
Table 2, and its dependence toward the 
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mol/l.hr x 10% 
o 


s) (o>) 


nm 


Polymerization rate, 


1 


OS 1-0 
Dose rate, 


1-5 2:0 25 
r/nr x 1074 


Fic. 1. Plots of the polymerization rates against the dose rates. 


© St : MeCl, = 1 : 3 (volume ratio) 
initial concentration of monomer, [St], is 
found to be approximately [St]*’* in the 
concentration range below ca. 1-5 mol/l. 

Dependence of the polymerization rates on 
the dose rates at three different monomer 
concentrations is shown in Fig. 1. 

As is shown in Fig. 1, the rates of poly- 
merization are found to be fairly proportional 
to the dose rates. Some notices may be 
necessary before concluding, because there 
was also the same linear dependence in the 
radical polymerization especially in the 
heterogeneous phase such as in the poly- 
merization of acrylonitrile. But it should be 


@ st: MeCl, = 1:5 ¢ 


St : MeCl, = 1:9. 


noticed that the polymerization system is 
completely homogeneous. In the homo- 


geneous phase the linear dependence of the 
rates on the dose rates may suggest that the 
polymerization occurs in the ionic mecha- 


nism rather than in the radical one. 

The molecular weights determined visco- 
metrically are plotted against the dose rates 
in Fig. 2, which shows the independence 
on the dose rates. It also should be noticed 
that the kinetic chain length in the radical 
polymerization is conversely proportional to 
the square root of the initiator concen- 
trations. 


i ! 


] ! 


05 1-0 


Dose rate, 


‘Ss 20 25 


r/hr x 1074 


Fic. 2. Plots of molecular weights, /,, against the dose rates. 


O St : MeCl, = 1 


: 3 (volume ratio) 


@ St : MeCl, = 1:5 


©: St Me@h, =) +9. 
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For the sake of the confirmation of the 


ionic mechanism, the copolymerization of 


styrene-methyl methacrylate and styrene- 
p-methoxystyrene are carried on in 
methylene dichloride by y-irradiation at 
—78°C. The results obtained are shown 
in Tables 3 and 4. 

Tasie 3. The copolymerization composition of the 
initial copolymer (styrene-methyl methacrylate) obtained 

by y-rays at —78°C and at room temperature 


| 
No. of experiment 
Conditions and results 


—78°C 
Vacuum 
> 


—78°C 
Vacuum 


ca. 15°C 
Vacuum 


Polym. temperature 
Atmosphere | 
Monomer : MeCl, 1:3 cs isp 
St : MMA i ae | Psi ty, | 


Carbon ‘59; 89-20 | 89-67; 89-20 | 89-24; 89-46 
Hydrogen 3; 8-803 | 7-714; 7-742 | 7-755; 7-685 
Chlorine ° 3°30 3°35 
Styrene mole ‘ 

in copolymer 


As represented in Table 3, the elemental 
analysis of the initial copolymer leads to the 
results that the initial copolymer obtained 
at room temperature contains 50 mole per 


cent styrene units as corresponding to the 
case of the radical copolymerization? and at 
low temperature the initial copolymer is 
composed of almost all styrene units, the 
same as in the case of the cationic copolym- 
erization) induced by stannic tetrachloride 
or boron trifluoride complex. 


Tasie 4. The copolymerization composition of the initial 
copolymer (styrene-p-methoxystyrene) obtained by y-rays 
at —78°C and at room temperature 


No. of experiment Iv 
Conditions and results 


—78°C 


Vacuum 
+. | 


ca. 15°C 


Polym. temperature 
Vacuum 
Be) 


Atmosphere 
Monomer : MeC ‘Ig 
St : MeOSt Se 


Carbon (%) 86°86; 87°15 
Hydrogen (% 7:785; 7:845 
Chlorine (%) 1-85 


Styrene mole °% in 
copolymer 


The same conclusions are given in the 
copolymerization of 3 : 1 mixtures of styrene 
and f-methoxystyrene (Table 4); that is, the 
initial copolymer at room _ temperature 
contains 75 mole per cent styrene units as 


corresponding to the calculated 80 mole 
per cent! of the radical copolymerization 
and at low temperature the initial copolymer 
is composed of almost all p-methoxystyrene 
units, the same as in the cationic copolym- 
erization.“11) ‘The presence of chlorine in 
polymers shown in Tables 3 and 4 is con- 
firmed by the experiments of the irradiation 
of polymer in methylene dichloride to be due 
to the radiation-induced chlorination of poly- 
mers by methylene dichloride and may have 
no important role in the polymerization 
process. 

The radiation-induced polymerization of 
styrene in methylene dichloride will be 
considered to have the following scheme: 


M++S- (orM-+ St) (1) 
M+ 4 S- M,* + S- (2) 
“ae _ ee Sa (3) 
M,+ + S- M,+5S (4) 


M,*~+S-+M - M,+S-+ M+ (5) 


S+M 


Equation (1) shows the initiation step by 
irradiation, having the initiation rate con- 
stant k;, but there is no evidence whether 
carbonium ions are formed from monomer 
or solvent. Equations (2-5) represent the 
normal cationic mechanism, i.e. equations (2) 
and (3) are the propagationsteps and equation 
(4) is the termination steps, having the 
reaction constants, k, and k,, respectively. 
Equation (5) is the chain transfer steps having 
the reaction constant k,,.. By assuming the 
stationary state regarding the concentration 
of M’*, the following equation may be 
obtained. 


[M‘] = (k/k IME 6) 
where / represents the intensity of irradiation 
and « is a constant having | or 2. 

Then the rate of polymerization, R,, and 
the average chain length, v, are derived as the 
following: 

R, = Ay[M*][M] = (AAp/k,) JEM] (7) 

vy = R,/the termination rate 
=(k/k)IM] (only (4)) (8) 
= (hp/Ker) (only (5)) (9) 

Equations (7-9) can explain semi-quantiti- 

tatively the experimental results described 


St 
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A Radiometric Assay of Tritiated Tetracycline 
in Serum and Plasma of Laboratory Animals* 
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A combination of the availability of radioisotopically labeled tetracycline and automatic 
equipment for counting radioactivity, and the knowledge that this antibiotic in the rat is not 
appreciably metabolized, suggested the feasibility of a radiometric assay procedure. Corre- 
lation studies between microbiological and radiometric assays on tritiated tetracycline in vivo 
and in vitro in serum and plasma of the rat and dog agree very satisfactorily. In the experiments 
involving the preparation of plasma samples, various anticoagulants were tried. Of these, hepa- 
rin, but not oxalate, citrate, disodium ethylenediamine tetra-acetic acid, gave plasma con- 
centrations which agreed closely with that found in the serum. Procedural simplicity, small 
sample requirements, rapidity and accuracy appear to be sufficient to suggest that the radio- 
metric method be employed in the evaluation of large numbers of samples, such as a screening 
program. This work is an example of the routine use of a tritiated compound in the search 
for therapeutics useful in human medicine. 


UN ESSAI RADIOMETRIQUE DE LA TETRACYCLINE TRITIEE DANS LE 
SERUM ET DANS LE PLASMA DES ANIMAUX DE LABORATOIRE 
Une combinaison de la disponibilité de la tétracycline marquée d’un radio-isotope et de 
l'appareil automatique pour compter la radio-activité, et le savoir que cet antibiotique n’est pas 
sensiblement métabolizé, ont indiqué qu’un procédé d’essai radiométrique devrait étre 
faisable. Des études corrélatives entre les essais microbiologiques et radiométriques de la 
tétracycline tritiée in vivo et in vitro dans le sérum et dans le plasma du rat et du chien sont en trés 
bon accord. Dans les expériences comportant la préparation des échantillons de plasma, on 
essaya une variété d’anticoagulateurs. Parmi ceux-ci ’héparine, mais non pas l’oxalate, 
le citrate, acide disodium éthyléne-diamine tétra-acétique, donna des teneurs en plasma en 
bon accord avec celles trouvées pour le sérum. La simplicité des procédés, la facilité d’emploi 
d’*échantillons minuscules, la rapidité et la précision semblent suffire a la proposition d’employer 
la méthode radiométrique pour le dosage de grands nombres d’échantillons, tel que dans un 
programme de séléction. Cet ouvrage sert comme exemple de l’emploi habituel d’un composé 
tritié dans la recherche des matiéres thérapeutiques utiles a la médecine humaine. 


PATTIOMETPHYUECROE OMPETEJTEHWUE TETPAIMA-IMHA, MEYEHOTO 

TPHTHEM, B CbhIBOPOTRE VW ILIASME -IABOPATOPHbBIX +RIBOTHBIX 

-locrymHocTh TeTpallwKamHa, MeYeHOrO paqMons0TONOM, Hadnune aBromMaTHueckoro 
OOOpYAOBAHMA IA CueTa palMOaKTUBHOCTH, a TaksvKe 3HAHMe TOTO, YTO DTOT AHTHOMOTHK 
B Kpbice OOMeHMBaeTCA He3HAYHTeIbHO, CBMeTeIbCTBYIOT O TIPHTOAHOCTH payMomerTprt 
yecKkoro aHalm3a. JlaHHble MMKpOOMOTOrMYeCKUX MW paswoMerpwuecKHX Olpeedennit 
TeTpauMKIMHa, MeYeHOrO TpUTHeM in vivo Ul in vitro, B CbIBOPOTKe M W1a3Me KPBICbI MW COOaKII 
HaXOJATCAH B XOpollemM cooTBercrBun. B onbirax 10 NpuroTropsen1o OOpa3loB 11a3sMbl 
MCUBITHBAINCh pa3sIM4Hble aHTMKOAarVIAHTHI, &@ WMeHHO TellapwH, OKCalaT, WuTpaT u 


* This work was performed in the Pharmacological Research Department. 
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BepceH. [13 HUX TOJbKO B IpHcyTCcTBHM rellapWHa KOHWeHTpallMA W1a3sMbl COXpaHAercA 
NOUTH Tako sKe KaK MU B ChIBOpOTKe. HeboubMMe AO3bI, a TaK*Ke Tpocrota, ObicrpoTa Ul 
TOYHOCTL M€TOAMKM YKA3bIBaloT Ha IIPHMCHMMOCTH palMOMeTpH4ecKOroO MeTOMA Ip OLeHKe 
OOUbMIOrO UNCIa OOpa3syoB, KaK HallpiMep UipH padorax Mm OfO3NMeTpun. JlanHas padota 
ABIAeTCAH IIpUMepOM IIPMMeHeHMA COeMHEHMA, MeYeHOrO TPHUTHeM, B OObIUHbIX Teparies- 
THYCCKUX IeJAX. 


RADIOMETRISCHE BESTIMMUNG VON TRITIUM-MARKIERTEM 
CYCLIN IN SERUM UND PLASMA VON VERSUCHSTIEREN 

Aus dem Vorhandensein radioaktiv markierten Tetracyclins und einer automatischen Messa- 
paratur einerseits und aus der Tatsache, dass dieses Antibioticum nicht wesentlich am Stoff- 


TETRA- 


wechsel der Ratte teilnimmt, andererseits, legte die Méglichkeit einer radiometrischen Bestim- 
mung nahe. Vergleichsweise Untersuchungen der mikrobiologischen und der radiometrischen 
Bestimmungen des Tritium-markierten Tetracyclins in vivo und in vitro in Serum und Plasma 
von Ratte und Hund stimmen in sehr befriedigender Weise iiberein. Bei Versuchen, welche 
die Preparation von Plasmaproben erforderten, wurden verschiedene Antikoagulierungs- 
mittel absorbiert. Von diesen ergab Heparin, im Gegensatz zu Oxalat, Citrat, Natrium- 
diathylendiamin und Tetraessigsaure, Plasmakonzentrationen, weleche mit der im Serum 
aufgefundenen gut iibereinstimmen. Die Einfacheit des Vorganges, die Kleinheit der 


notigen Proben, die Schnelligkeit und Genauigkeit sind hinreichend fiir die Anwendung der 
radiometrischen Methode zur Bestimmung einer grossen Anzahl von Proben, z.B. bei der 
Durchfiihrung eines Screening-Programmes. Diese Arbeit ist ein Beispiel fiir die routinemassige 
Verwendung von Tritiummarkierten Verbindungen bei der Untersuchung von in der Human- 
medizin verwendbaren therapeutischen Mittel. 


THE search for an adjuvant which would 
increase the concentration of tetracycline 
in the blood of animals is a continuing 
research program in these laboratories. ‘This 
work includes, as an integral part, the 
quantitative determination of the antibiotic 
in the serum of rats and dogs. Since the 
number of samples collected is often several 
hundred a week, it was felt that a nonbio- 
logical method of analysis would be useful 
for this special purpose and would be 
complementary to the standard microbio- 
logical procedure. To be of real value any 
new method must offer some advantage 
as to speed, accuracy, sensitivity and 
simplicity. 

The feasibility of a radiometric assay was 
suggested by the following considerations. 
Tritium (the radioactive isotope of hydrogen) 


can be incorporated into the tetracycline 
molecule by an inexpensive procedure to 
form a quantity of radioactive antibiotic 
which is chemically and biologically indis- 
tinguishable from the unlabeled compound. 
Automatic equipment is available and tech- 
niques are known which allow rapid quanti- 
tative measurements of the radioactivity 
directly on serum samples with only a 
minimum amount of manipulation. ‘Tetra- 
cycline undergoes no measurable chemical 
transformation in the body of the rat during 
the time previous to obtaining blood 
samples.") ‘Therefore, a determination of 
the radioactivity would be a true measure- 
ment of antibiotic activity. This report 
describes a simple, very rapid and _ highly 
sensitive radiometric assay for tetracycline 
in body tissue. 


MATERIALS 


Radioactive tetracycline 
Tetracycline containing tritium in the 


7-position was prepared* by the replacement 


of the chlorine atom of chlortetracycline 


* Reduction performed by New England Nuclear Corp. of Boston, Massachusetts, under the direction of Dr. JAMEs 
Bootue of Organic Chemical Research Section; purification carried out by Dr. Puimire Miter of Chemical 


Process Improvement Department. 


A similar preparation was prepared in the Lederle Laboratories by Dr. JAMEs 


BoorueE of Organic Chemistry Section and Dr. D. A. Buyske of Experimental Therapeutics Research Section. 
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with tritium under the following conditions: 


1-0 g of chlortetracycline, 

0-14 g of 10°% palladium on charcoal, 
12-00 ml of dioxane, 

0-50 cm of triethylamine, 
20-0 c of tritium (7-7 ml tritium gas). 


The yield, after purification, was 648 mg 
of compound containing 1:13c of radio- 
activity. ‘The following analytical values 
were obtained: 

1-74 mc/mg, 


1005 yg/mg, 
1040 = ug/mg. 


Specific radioactivity 
spectrophotometric assay 
microbiological assay 


(a) Paper chromatographic analysis in two 
systems. System A consisted of the upper 
phase of mixture of n-butanol equilibrated 
with an equal volume of 0-1 M phosphate 
buffer (pH 3-0). Before spotting, the paper 
was wetted with the lower phase and 
allowed to dry completely. System B 
consisted of the upper phase of a mixture 
of n-butanol, ammonium hydroxide and 
water added in a ratio of 4:1:5. Before 
spotting, the paper was wetted with a 0-1 M 
solution of disodium ethylenediamine tetra- 
acetic acid and allowed to dry completely. 
This system is particularly effective in 
detecting the presence of small amounts of 
4-epitetracycline. 

In systems A and B only one radioactive 
spot was present and this migrated as did 
authentic tetracycline. Approximately 2 
per cent of chlortetracycline was found as a 
contaminant but this compound was not 


radioactive. No 4-epitetracycline was 
present. 
(b) Countercurrent distribution. In the n- 


butanol vs. 5 per cent aqueous formic acid 
system,” a distribution identical to that of 
tetracycline was found. 

(c) Dilution to experimental specific radwo- 
activity. For the purpose discussed in this 
report, the 7-tritio-tetracycline contained a 
much higher specific radioactivity than 
required. A portion was therefore diluted 
with approximately 130 times its weight of 
pure unlabeled tetracycline to a specific 
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activity of 13 wc/mg. This produced suf- 
ficient counts in the liquid scintillation 
apparatus to give a sensitivity of 0-05 ug 
tetracycline per sample and maintain an 
accuracy of --5 per cent. 


Phosphor solutions 


Four grams of diphenyl oxazol and 0-05 g 
of 1,4-di[2-(5-phenyloxazolyl) ] benzene were 
dissolved in 1 liter of reagent grade toluene 
containing 1-5 per cent by volume of glacial 
acetic acid. 


Tritiated toluene standard 


Toluene containing tritium with a specific 
activity of 1-89 « 10° disintegrations per 
min/ml was obtained from the New England 
Nuclear Corp., Boston, Massachusetts. 


Hyamine 

Hyamine 1622, benzyldimethyl, 2-[2-(p- 
1,1,3,3-tetramethylbutylphenoxy) ethoxy ]- 
ethyl ammonium chloride, was converted 
into the free base form by passing an 
anhydrous methanol solution through a 
Dowex-1 (OH) ion-exchange resin. A 1-0 M 
hyamine hydroxide solution, obtained by 
appropriate im vacuo concentration of the 
effluent from the column, was used to 
dissolve the serum or plasma. 

Hyamine hydroxide of good purity is now 
commercially available from Packard Instru- 
ment Company, LaGrange, Illinois, U.S.A. 


Animals 

Male albino rats of the Sherman strain 
weighing from 175 to 250 g, fasted overnight 
with water ad libitum were used. 

All dogs were pedigree beagles obtained 
from our own colony. 


Radtoactive counting equipment 

A Tri-Carb Liquid Scintillation Spectrom- 
eter manufactured by the Packard Instru- 
ment Company, LaGrange, Illinois, was used. 
The counting chamber was held at —4-0°C, 
the photomultiplier voltage at 1075 and the 
pulse discriminators at 10—-50-100 V. 
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METHODS 


Sample counting 


The procedure is similar to that reported 
by CHEen®, To 3-0 ml of 1-0 N alcoholic 
hyamine hydroxide in a 5 dram counting 
vial is added 0-20 ml of serum or plasma. 
Fourteen milliliters of the phosphor solution 
are added, the vial capped and the contents 
mixed by shaking. A clear homogeneous 
solution is usually obtained but an occasional 
sample may remain turbid. This can be 
clarified by the addition of 1-0 ml of absolute 
ethanol to the counting vial. 

After cooling to the temperature of the 
counting chamber (—4-0°C) the vials may 
be counted immediately or stored for up to 
2 weeks without affecting the radiometric 
analysis. All samples in this report were 
counted in triplicate for time periods long 
enough to assure a counting accuracy of 
+5 per cent. 

After obtaining the counts due to tetra- 
cycline, 0-10 ml of tritiated toluene standard 
was added to each vial and the increase in 
counts determined. The use of this internal 
standard allowed a calculation of counting 
efficiencies and the conversion of the counts 
per minute into the more useful term of 
disintegrations per minute. Since the specific 


activity of tetracycline was known, it was 
possible to calculate micrograms of antibiotic 
per milliliter of serum by the following 
relationships : 


o@ tetracycline per ml of sample = 
Ug . I 


(counts/min of sample — background) 


oo ae | ] 
% counting ed ml sae) 


- (2:2 x 108 x 13) 


Linearity of counts of radioactivity to tetracycline 
content 

Tritiated tetracycline in quantities of 0-20 
to 20-0 wg were added to vials containing 
0-20 ml plasma (from a single blood pre- 
paration) plus hyamine hydroxide, toluene 
and phosphors in the quantities discussed 
under the section subtitled Sample Count- 
ing. 

Each vial was counted at least four times 
for 1 min time periods. The results are 
shown in Table I. It can be seen that over 
the concentration range tested there is a 
simple linear relationship between observed 
counts and tetracycline added. 


Table 1. Tritiated tetracycline hydrochloride added to plasma and counted by 
the liquid scintillation technique 


ug Tritiated 
tetracycline 
hydrochloride 
per counting vial 


| 
| 


230 243 


1061 
1097 


1072 
1087 
2143 2161 


10700 
10728 


10574 
10538 


21538 21922 
20083 20317 


Counts per minute* Average 


244 


1079 
1085 


2159 


10697 
10675 


10796 
10711 


10717 
10722 


21880 
20309 


22110 
20520 


21901 
20314 


* All counts corrected for background. 
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Comparison of radiometric and microbiological 
assays of radwoactive tetracycline added to serum 
and plasma from a dog 

Aqueous solutions of radioactive tetra- 
cycline of approximately 2 ug/ml and 10 yg/ 
ml were prepared and 0-50 ml of each 
solution immediately added to 7 ml of dog 
plasma and 7 ml of dog serum. 
these samples was subdivided into three 
portions of 2-0 ml each and assayed micro- 
biologically+ for antibiotic activity. ‘Three 
0-20 ml portions from each were assayed 
radiometrically. The results are shown in 
Table 2. 


Dog studies 

Radioactive tetracycline, at a dose of 5 mg/ 
kg was administered intravenously to a dog. 
Blood samples of 40 ml were taken | and 3 hr 
later. One-half of each sample was allowed 
to clot and after centrifugation the serum 
was removed. The other half was oxalated, 
centrifuged, and the plasma retained. Each 
of these serums and plasmas was divided 


Each of 


Tasie 2. Comparison of radiometric and microbiological 
assays of 7-tritio-tetracycline hydrochloride added to 
serum and plasma from a dog 


Microbiological Radiometric 


assay * 


Sample 


1-91 

10-38 + 
1:96 + 
10-76 4 


Serum 


Plasma 
11-10 + 


* Results expressed as ug/ml standard error of the 


mean. Each assay was done in triplicate. 


into two equal parts and each part further 
subdivided into triplicate for analysis by the 
two procedures. The results are shown in 


Table 3. 


Rat studies 

Tritiated tetracycline hydrochloride 50 
mg/kg was administered per os to fasted rats. 
Groups of four rats each were bled by 
cardiac puncture | and 3hr after dosing. 
The blood collected was allowed to clot and 


TasLeE 3. Radiometric and microbiological assays of serum and plasma levels of a dog receiving 5 mg/kg intravenously 
of 7-tritio-tetracycline hydrochloride 


Sample Time bled fi 
Initial 


Microbiological assay* 


Radiometric assay * 


Serum 


“I 


Serum 


NO NO NS 
ome) 


ow uw 


Plasma 


(2:76 + 0-06) 


202 
2-82 
2:78 


Plasma 


(1-73 + 0-02) 


(1-93 + 0-08) 


* Results expressed as ug/ml. Values in parentheses are average g/ml + standard error of the mean. 


TAIl microbiological assays were done by the cylinder plate method using Bacillus cereus var. mycoides (A.T.C.C. No. 
11778) as the test organism. The help of Mr. Dornsusu of the Microbiology Department during the course of this 


work is gratefully acknowledged. 


A radiometric assay of tritiated tetracycline in serum and plasma of laboratory animals 


Tase 4. Radiometric and microbiological assays of serum of rats receiving either 50 mg/kg 7-tritio-tetracycline hydro- 
chloride alone or 50 mg/kg 7-tritio-tetracycline hydrochloride and 200 mg/kg citric acid 


Treatment 


7-Tritio-tetracycline 
hydrochloride alone 


7-Tritio-tetracycline 
hydrochloride alone 


7-Tritio-tetracycline 
hydrochloride plus 
citric acid 


7-Tritio-tetracycline 
hydrochloride plus 
citric acid 


Microbiological assay * 


6-58 + 


Radiometric assay* 


1-06 


3-31 + 0-71 


* Results are expressed as average jig/ml 


appropriate subdivisions were made_ for 
microbiological and radiometric assays. 

Similarly, twelve rats were treated with 
tetracycline 50 mg/kg and citric acid, 200 
mg/kg. The collective results are shown in 
Table 4. 


Effect of various anticoagulants on tetracycline 
levels 

The effect of the use of oxalate as an 
anticoagulant was noted in the dog study 


standard error of the mean. 


(Table 3). To determine the effect of other 
anticoagulants on the analysis of tetracycline 
in plasma, the following experiments were 
performed. 

Male albino rats ranging in weight from 
175 to 250 g were orally administered 50 mg/ 
kg of tritiated tetracycline. One hour later 
blood was obtained by cardiac puncture 
and portions were placed in tubes containing 

(1) no anticoagulant—(for serum _pre- 

paration), 


TaBLe 5. The effects of various anticoagulants on the radiometric assay for tetracycline 


Heparin 


Rat number* | apa 
| Oxalate | 
| 


WOKDUMDUAWON HE 


| 
| 
| 
| 
| 
| 


Plasmat 


Serumt 


Citrate Na,EDTA 


6-88 
6-40 
6-67 
8-01 
5-62 
6-48 


4-53 | 6-85 


Average | 


* Each rat received 50 mg/kg tritium-labeled tetracycline hydrochloride. 


¢ Results expressed in ug/ml of sample. 


E. I. Takesue, G. Tonelli, Lucia Alfano and D. A. Buyske 


) sodium citrate—5 mg/ml blood, 
3) sodium oxalate—2 mg/ml blood, 
4) heparin—approximately 0-2 mg/ml 
blood, 
) disodium ethylenediamine tetra- 
acetate—7:5 mg/ml blood. 
The samples were centrifuged and 0-2 ml 
of serum or plasma was removed for 


radiometric assay. Blood from normal rats 
was also placed into the various anticoa- 
gulants to serve as blanks so that any effect 
on background count or quenching of 
radioactivity could be detected. No such 
interferences were found. The effect of the 
various anticoagulants on the analysis of 
tetracycline is shown in ‘Table 5. 


DISCUSSION 


Tables 2, 3 and 4 show that there is a very 
good correlation between the microbiological 
and the radiometric assays using tritiated 
tetracycline. The agreement is equally good 
between the two assays when the radio- 
tagged antibiotic is simply added to prepared 
serum or plasma or when used in the 
detection of the enhanced blood concentra- 
tion levels of antibiotic after concomitant 
oral administration of a known adjuvant 
like citric acid. This latter fact, plus the 


combinations of procedural simplicity, small 
sample requirement, rapidity (1 hr) and 
accuracy would appear to be sufficient to 


suggest that the radiometric method be 
employed in the adjuvant screening program. 
Since the completion of this work, a sequen- 
tial procedure has been worked out and the 
radio method used in several thousand 
animals. Microbiological confirmation of 
the active leads which have been uncovered 
has established the reliability of the radio 
assay under normal laboratory conditions. 

A point of interest that developed during 
this work was the apparently higher (60 
per cent) antibiotic concentration in serum 
than that found in plasma. This difference 
was detectable in both assays and was found 
to be related to the anticoagulant employed. 
When the anticoagulant functions by making 
unavailable the calcium necessary to form a 
clot, viz. oxalate, citrate, sodium ethylene- 
diamine tetra-acetic acid, then plasma values 
were much lower than those of the serum. 
Heparin however, exerts its anticoagulant 
action by inhibiting the conversion of 
prothrombin to thrombin. When _ this 


material was used in the preparation of a 
plasma from blood containing  tritium- 
labeled tetracycline, the plasma concentra- 
tion agreed closely with that found in the 
serum. 

A conjecture to explain these observations 
would be that tetracycline combined with 
the calcium which was already associated 
with oxalate, citrate or ethylenediamine 
tetra-acetic acid and a complex was formed. 
This molecular aggregate, because of its 
relatively large size, probably had a lower 
solubility in water and might be expected to 
be sedimented directly during centrifugation 
or perhaps removed by becoming occluded 
to the heavy red blood cells. 

It may be noted that only the radiometric 
procedure was used in obtaining the in- 
formation reported in ‘Table 5, and that the 
study was not extended to include a com- 
plete microbiological confirmation of the 
data. However, in light of the high degree 
of correlation from other comparisons and 
from some of the results in ‘Table 3, it would 
appear that a microbiological study would 
show a similar relationship of anticoagulants 
to tetracycline concentrations in the plasma*. 

Since the blood concentrations of tetra- 
cycline as reported in the literature, are 
usually determined in the serum rather than 
in plasma, the effect of anticoagulants 
reported herein does not influence these 
literature values. However, in the special 
case of the radiometric assay procedure 
where, for procedural convenience, plasmas 
are used, heparin is the proper choice for an 
anticoagulant. 


* Since the completion of this work, there has appeared a paper by H. STanper, J. D. Levin and J. PAGANo in 
Antibiotic Annual, 1957-58, pp. 469, dealing with factors which influence the in vitro quantitation of tetracycline in 
blood. The findings of these authors in this study corroborate the anticoagulant effect discussed in this report. 


A radiometric assay of tritiated tetracycline in serum and plasma of laboratory animals 


SUMMARY 


A procedure has been described for the 
quantitative determination of a large number 
of serum and plasma samples containing 
tritiated tetracycline. It is possible to utilise 
this method in a screening program because 
of the availability of automatic counting 
equipment, procedural simplicity and 


accuracy. This work is an example of the 


routine use of a tritiated compound in the 
search for useful therapeutic agents. 
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A New Type of Light-tight House for 
a-Scintillation Counters 


(Received 19 November 1959) 


Description 


One of the simplest methods for determining «- 
activities is scintillation counting. The sample is 
placed closed to a ZnS(Ag) screen so that the «- 
particles can reach the screen. In the ZnS(Ag) layer 
scintillations are produced which can be transformed 
into measurable pulses by a photomultiplier followed 
by amplification. 

In order that the measurements may be accurate, 
efficient and reliable, the following requirements 
should be fulfilled: 

It should be possible to place 

‘1) The sample, i.e. the sample-holder in such a 
position that the «-particles strike the screen under 
an almost 27 angle and a geometric efficiency of 50 
per cent is approximated (position 1). 

(2) It should be possible to move the sample- 

holder into position | in a simple and reproducible 
way. 
(3) It should be possible to move the sample- 
holder from position | via a light-tight lock into 
another position (2) where the sample can easily be 
changed as the photomultiplier is not resistant 
against daylight or artificial light, especially under 
high tension. It would be impractical to switch off 
the high tension at each sample change because it 
takes some time before the photomultiplier becomes 
stable after switching on. 

In general these three requirements are fulfilled 
in existing counter houses by a slide construction. 
However, the slide has to be sealed against penetra- 
tion of light by materials such as felt or rubber. 
Against this there are the following objections: 

(1) The sealing material wears off. In consequence 
particles collect on the sample and absorb part of the 
o#-activity. 

(2) Although the sample is sunk a little in the 
sample-holder in order to avoid contact with the 
sealing material it often happens that this material is 
contaminated by the sample which can cause a rise 
in the very low and sensitive background of the 
counter. 

(3) The sample cannot have the desired minimal 


distance to the ZnS(Ag) screen, and also a good 
reproducibility of position 1 cannot easily be obtained. 

(4) Due to the sealing material the slide does not 
move smoothly. 

A solution of these difficulties has been found in 
a new construction where the sliding motion of the 
sample holder is replaced by rotation. The exclusion 
of light is ensured by a few rubber O-rings and a 
simple locking device. The ZnS(Ag) layer has been 
deposited directly on the photomultiplier by sedi- 
mentation. The distance between the sample and 
the ZnS(Ag) screen is less than |] mm. A counting 
efficiency of 47 per cent is reached and the back- 
ground amounts to 0-1 counts/min. 

Figures (see over) 1 and 3 show the construction 
of the counter house. On Fig. 2 and on Fig. 3 
the locking mechanism is shown. This device is 
foolproof and therefore daylight can never penetrate 
on to the photomultiplier, because: 

(a) arm (6) and thus the sample holder (5) 
only be moved after lid (4) is locked; 

(b) lid (4) can only be opened after the sample 
holder is pressed light-tight against opening (3). 


can 


Summary 


A new type of light-tight house for «-scintillation 
counters is described. ‘The sample is rotated between 
filling and counting position. The penetration of 
light on to the photomultiplier is under all circum- 
stances prevented by means of a simple foolproof 
locking mechanism. ‘The efficiency of the counter 
amounts to 47 per cent and the background to 
0-1 counts/min. 
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Technical note 


Fic. 1. Section through the counter house. 

. Light-tight rubber O-ring around axle (7). 

. U-shaped slot guiding arm (6). 
Spring by which the sample holder is either 
pressed against the protecting ring under the 
photomultiplier or light-tight against opening 
(3): 


. Photomultiplier. 

. ZnS(Ag) screen. 

. Opening for sample change, light-tight after 
closing lid (4). 

. Sample holder, which can be moved with 
arm (6) around axle (7). 
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Fic. 2. The locking mechanism. The locking lever (11) turns about a fixed point (12). 
Position I: Catch (13) hooks, by means of spring (14) into catch (15) which is attached to the 
handle on the lid (4). In this position the two hooks (16, 17) leave a free passage for arm (6) 

so that the sample can be moved to the photomultiplier. Lid (4) cannot be opened. 
Position II: When the arm is moved back again it pushes up the lever so that catches (13 and 
15) unlock and the lid opens a little through the pressure of its rubber O-ring. Catch (16) now 
prevents a downward motion of arm (6). 
Position III: When the lid is opened further by hand, catch (17) takes over the function of 
catch (16) and the arm remains in the locked position as long as the lid is open. 


Fic. 3. The counter house opened to change a sample (position 2 


Radiation Biology and Medicine. Edited by 
W. D. Craus. Addison-Wesley, 1958. 944 pp., 92s. 


Tuts book is a compilation of 33 articles from 56 
American authors reviewing American contributions 
to the whole field of radiobiology during the past 10 
years or so. It was one of the presentation volumes 
distributed by the U.S. Government at the Second 
International Conference on the Peaceful Uses of 
Atomic Energy, Geneva, 1958, and its manifest 
purpose was to present American work to an inter- 
national audience. 

The title of the book may therefore be a little 
misleading, for it is not a textbook nor is it a review 
of the world literature. Nevertheless, within these 
limitations, the articles provide useful summaries of 
background knowledge and the present viewpoints 
of the contributors. ‘The whole field of the application 
of nuclear radiation to the life sciences is almost 
completely covered—physics, physical chemistry, 
biochemistry, effects on cells, organs and animals, 
ecology, genetics, health physics, and applications 
to medicine and agriculture. A whole section on 
mathematical biology (46 pages) seems, however, 
rather superfluous. On the whole the authors have 
succeeded in explaining their work to a general 
scientific audience and anyone interested in radiation 
will find selected articles well worth reading, parti- 
cularly those outside their own field. 

In view of the editor’s clearly stated intention 
to present primarily American work, it would be 
unfair to complain that some of the articles are a 
little biased, but the wisdom of presenting such a 
national approach in book form may perhaps be 


questioned. 
O. A. TROWELL 


MarsHALL Brucer: Thyroid Radioiodine Uptake 
Measurement. A Standard System _ for 
Universal Intercalibration. U.S. Atomic 
Energy Commission Technical Information Ser- 
vice, 1959. 323 pp., $3.50. (Available from the 
Office of Technical Services, Dept. of Commerce, 
Washington 25, D.C.) 


Tue practical problems involved in measuring the 
thyroid uptake of radioiodine were under-estimated 


for many years and in most laboratories. It was 
not, in fact, until Dr. BRucER, with his versatile team 
of assistants (and mannikins), surveyed this question 
that it was realized how great were the discrepancies 
and errors introduced by differences in technique 
of measurement and of standardization in different 
centres, and whether similar or varied procedures of 
uptake measurement were made. 

The present book gives the text of a series of 
lectures delivered at Oak Ridge Seminars on the 
measurement problems of determining thyroid 
uptake. This should be emphasized, since it should 
not be read as if it aimed to be a compact and formal 
account of the physical basis of calibration, or a 
mathematical study of the interaction of the numerous 
variables involved, or a scientific review of previous 
work on this subject. It is what it says it is, a sequence 
of lectures, and if you do not want a lengthy and 
exhaustive analysis of all likely, and a few unlikely, 
counting arrangements, with two hundred “‘exhibit”’ 
diagrams and a leavening of flippant loquacity, you 
will not read a comprehensive series of lectures 
devoted to this subject. 

There is no question that this study was badly 
needed, has been admirably done and will amply 
reward anyone who works through this presentation. 
The varied techniques of uptake measurement, the 
gross discrepancies between their results, the numer- 
ous factors of collimation, distance, scatter correction 
and counter sensitivity and the interactions between 
them have all necessitated an extensive and thorough 
survey; and a research group at Oak Ridge have 
devoted a great deal of time and analysis to the 
variables concerned, with the valuable and clarifying 
results that would be expected from Dr. Brucer’s 
direction. It would be most unfortunate if the bulk 
and copious detail incorporated in so full a series of 
lectures should discourage their study, since they 
contain a substantial amount that is new and a great 
deal that is important to anyone concerned with 
measurements of human thyroid uptake and with the 


relevance of their results. 
E. Eric Pocuin 


FIRST INTERNATIONAL CONGRESS 
OF HISTOCHEMISTRY AND 
CYTOCHEMISTRY 


Paris, 28 August-3 September 1960 


From 28 August to 3 September 1960, the First 
International Congress of Histochemistry and Cyto- 
chemistry will be held in Paris. It is organized under 
the auspices of the Société Frangaise d’Histochimie in 
collaboration with other histochemical societies. 
All correspondence on scientific Congress matters 
should be addressed to: 

Dr. R. Wegmann: Institut d’Histochimie Médicale, 
45 rue des Saints-Peéres, Paris (6°), France. 

The full programme will be sent on request. (The 
registration fee is $25 for full membership, $20 for 
associate members. ) 


THE USE OF RADIOISOTOPES IN THE 
PHYSICAL SCIENCES AND INDUSTRY 


International Conference, Copenhagen 6-17 September 1960 


Tus conference is organized by the International 
Atomic Energy Agency with support by UNESCO. 
Meetings will be in the Odd Fellows Palace, Copen- 
hagen. 

About 130 papers will be presented on the following 
aspects of radioisotopes production and application: 

First Week Geophysics, Metals and Solid State, 
Nuclear Physics (4 papers only), Industrial Appli- 
cations (2 days), Detectors and Instrumentation. 

Second Week Analytical Chemistry, Production of 
Radioisotopes, Labelled Compounds, Recoil Chemis- 
try (Survey paper only), Organic Chemistry, 
Physical Chemistry. 

(Further details are available from: 
Secretariat, IL.A.E.A., Kaerntnerring, Vienna 1, Austria.) 


Conference 


ERRATUM 


EMANUEL N. M., Maizus Z. K. and Privatova L. G., Jnt. 
J. Appl. Rad. Isotopes 7, 111 (1959). Page 117, Figs. 5 and 6 
should be transposed, captions remaining as printed. 


International Journal of Applied Radiation and Isotopes, 1960, Vol. 8, pp. 65-71. Pergamon Press Ltd. Printed in Northern Ireland 


The Cross-Linking and Chain Fracture 
of Rubber by High-Energy Radiation 


| 
P. HAYDEN | 
Isotope Research Division (A.E.R.E.), Wantage, Berks, 


(First received 15 December 1959 and in final form 26 February 1960 


Quantitative analysis of the solubility data of irradiated rubber, using the method adopted 
by CHARLEsBY and Pinner, has been applied to the study of the cross-linking reaction. The 
rate of cross-linking is directly proportional to the radiation intensity and corresponds to a 
G-value of 0-83 at 25°C. 

The activation energy of the cross-linking reaction is 0-76 and 0-26 kcal above and below 
the glass transition temperature, respectively. 

The ratio of dislinking to cross-linking is 0:05. It is largely independent of radiation 
intensity and temperature. 

Radiation induces the formation of some trans-vinylene unsaturation, believed toarise from a 
double bond shift. A considerable amount of terminal unsaturation, believed to arise as a 
result of dislinking, is also formed. 


LA LIAISON TRANSVERSALE ET LA FRACTURE DES CHAINES 
DU CAOUTCHOUG PAR LE RAYONNEMENT A HAUTE ENERGIE 

L’analyse quantitative des données de la solubilité du caoutchouc irradié, utilisant la 
méthode employée par CHARLEsByY et PINNER, est apportée a |’étude de la réaction de liaison 
transversale. Le taux de la liaison transversale varie directement avec l’intensité du rayonne- 
ment et correspond a une valeur G de 0,83 a 25°C. 

L’énergie d’activation de la réaction de liaison est 0,76 et 0,26 kcal au dessus et au dessous de 
la température de transition du verre, respectivement. 

Le rapport de la séparation a la liaison transversale est 0,05. Il est en grande partie indé- 
pendant de l’intensité du rayonnement et de la température. 

Le rayonnement provoque la formation de quelque non-saturation de forme trans-vinyléne, 
qu’on suppose surgir d’un déplacement de lien double. Il se produit aussi une quantité impor- 
tante de non-saturation terminale, qu’on suppose étre le résultat de la séparation des liaisons 
transversales. 


CIUMBAHME WM OBPBIB EMM PE3SMHbI TO], EMCTBUEM 
M3JIYVYEHUA BbICOKOM SHEP 


PeakyMA CUIMBaHMA Oba MCCe{OBAaHA TlyTeM KOJIMYeCTBEHHOPO aHaJll3a JJaAHHBIX TO 
pacTBOpMMOCTH OO.1y4eHHO! pesuHEl 10 MeTowy Uapiub30n u IluHHepa. Cropocrb cuimBanna 
IIpHMO IpOMOpmMOHAIbHa WMHTeHCUBHOCTH OOMyYeHHAA Mt XapakTepH3yeTcAH 3sHaueHnem G 
paBHbiM 0,83 mp 25°C. 

Oueprua AKTHBANMH peak ClIMBAHMA cocTaBIAeT 0,76 KKadi WM 0.26 KKad, COOTBETCT- 
BeHHO, Ip TeMilepaTypax BbIlle M HM*Ke TeMMepaTypbl CTeEKIOBAHHA. 

OrTHomeHne ecTpyKIMM K CIIMBAHMIO paBHO 0,05 uM He 3aBUCHT OT MHTCHCHBHOCTH oOuly- 
YeHHA HM TeMMepaTypbl B WIMpOKNX Npejewax. 

OdsyueHuve MpuBOAUT K OOpPasOBaHMO HeHACHIMNCHHEIX TPAaHCBMHMIeCHOBBIX Tpylifl, 4TO, 
NOBMAMMOMY, OOyclaBIMBaeTCA CMeleHHeM {BOHOL CBA3M. SHAYMTeTbHOe OOpas0BaHne 
HeHaCbILeCHHbIX rpyliilt, ABJIAFOMLeeCcA, NlOBHAMMOMY, pesyJIbTaTOM “AecTpyYRKIHH, HaOJ1t0- 
jqlaeTcA Take Ha KOHIAaX enn. 
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VERNETZUNG UND KETTENBRUCH BEI GUMMI HERVORGERUFEN 
DURCH HOCHENERGETISCHE STRAHLUNG 
Quantitative Analysen der Léslichkeitswerte von bestrahltem Gummi, unter Verwendung der 
von Charlesby und Pinner angegebenen Methode, wurden zum Studium von Vernetzungs- 


reaktionen herangezogen. 


Die Zahl der Vernetzungen ist der Strahlungsintensitat direkt 


proportional und entspricht einem G-Wert von 0,83 bei 25°C. 
Die Aktivierungsenergie der Vernetzungsreaktion liegt 0,76 und 0,26 kcal iiber, bzw. 


unter der Glasiibergangstemperatur. 


Das Verhaltnis von Aufspaltung und Vernetzung betragt 0,05. 


Es ist weitgehend unab- 


hangig von der Intensitat der Strahlung und von der Temperatur. 

Strahlung bewirkt das Auftreten von “‘trans-vinyl-ungesattigten”’” Zustanden, von welchen 
angenommen wird, dass sie durch Verschiebung von Doppelbindungen entstehen, Es wird 
auch eine betrachtliche Menge von ungesattigten Endzustanden gebildet, welche méglicher- 


weise durch Aufspaltung verursacht werden. 


In common with many hydrocarbon poly- 
mers, natural rubber is cross-linked on 
exposure to high energy radiation.“) Some 
dislinking also occurs. From decane swelling 
measurements, CHARLESBY") estimated the 
G-value of the pile radiation initiated cross- 
linking reaction at about 70°C to be 1-7. The 
ratio of the rates of the dislinking and cross- 
linking reactions evaluated from solubility 
data was less than 0-1. Hydrogen and 
methane were the major components of the 
vas formed on irradiation. Elastic moduli 
measurements‘*) gave G (cross-links) as 1-1 
for the pile radiation initiated reaction, 
which corresponds very closely to that for 
2 MeV electrons), showing that the rate of 


cross-linking is directly dependent on the 
intensity of the radiation but is independent 
of its spectrum. 

Recently, TURNER“) has adopted Moore 
and Wartson’s‘®) relationship between physi- 
cal and chemical estimates of the density of 
cross-links in rubber to obtain a revised 
estimate of 0-75 for G (cross-links). 

Using infra-red spectroscopy, DOoGADKIN 
et al.” established the presence of carboxyl, 
hydroxyl and ester groups in irradiation 
vulcanizates of natural and synthetic rubbers 
produced in air. At the same time, the 
concentration of double bonds was shown to 
decrease markedly‘’;®) with increasing radia- 
tion dose. 


EXPERIMENTAL 


Materials 

Lightly masticated natural rubber, which 
had been freshly extracted with acetone in 
an atmosphere of nitrogen was out-gassed by 
evacuating at 10-4 mm of Hg for 24 hr and 
sealed in glass tubes. 

The number average molecular weight, 
determined by an osmotic pressure method, 
was 683,000. 


Trradiations 


Experiments at the lower dose rates were 


performed using Co® y-radiation. Higher 
intensities of radiation were obtained from 
the X-rays emitted on bombarding a 2 mm 
thick platinum target with the electron beam 


from a linear accelerator. The operating 
conditions were adjusted to produce a 400 wA 
electron current at 3-9 MeV, of which the 
target collected a mean of 200 uA. The 
beam was pulsed at 600 pulses per sec with a 
2-5 usec pulse width. The peak dose was 
therefore 666 times greater than the mean. 

In both cases, the mean intensity of the 
radiation was estimated using the ferrous 
sulphate dosimeter taking Gp,+++ to be 15-6. 

During irradiation, samples were im- 
mersed in thermostatically controlled water- 
or oil-baths, melting ice, melting ether 
(—116°C), a mixture of methanol and solid 
carbon dioxide, a mixture of potassium 
iodide and ice (—23°C), or in liquid nitrogen. 
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Gel fractions 


Gel fractions were measured by immersing 
known weights of rubber in an excess of 
benzene in the dark at 25°C. A trace of 
hydroquinone added to the benzene served 
to minimize oxidation of the rubber. After 
24 hr, the solution was poured off the gel and 


replaced with fresh benzene. ‘This was 
repeated after a further 24 hr. ‘The swollen 
gel was separated either by filtration through 
nichrome wire gauze or by pouring off the 
benzene and drying the surface of the gel 
with filter paper. The solid content of the 
gel was weighed after evaporating off the 
solvent in a vacuum oven at 70°C. 


EVALUATION OF RESULTS 


Recently the solubility behaviour of 
irradiated polymers has been theoretically 
analysed.'®) ‘The soluble fraction (s) of a 
cross-linked network of macromolecular 
material, initially of randomly distributed 
molecular weights can be written 


des gi fer 
S+S = 
O 


where 6, the cross-linking coefficient, is the 
average number of cross-linked units per 
number average molecule. Simultaneous 
dislinking modified this to 


where p and gq are the fracture and cross- 
linking densities respectively Assuming that 
p and q are proportional to the radiation dose 
r, then the sol fraction is related to the 
densities of fracture (f,) and cross-links (gq), 
each for unit dose by the equation 
ee l 
qo Voll 

where u, is the number average degree of 
polymerization. Even an initially mono- 
disperse assembly of finite chains will 
approach a most probable distribution after 
only a few scissions. ‘Thus, provided radia- 
tion induces both cross-linking and fracture, 
this relationship should hold at higher doses 
for all initial distributions. 


RESULTS 


Figs. 1-4 show the curves of the solubility 
data as a function of the reciprocal dose, at 
various temperatures and _ intensities of 
radiation. At low doses, the (s + s!/?) values 
diverge from the straight lines drawn through 
data pertinent to high doses. Presumably 
the initial distribution of molecular weights 
is not completely random and some dislinking 
is necessary to attain this. 

Results obtained by irradiating at high 
intensities of X-radiation from a linear 
accelerator agree with those obtained using 
the lower intensities of y-radiation from a 
Co® source. Accordingly it may be con- 
cluded that the cross-linking rate is directly 
proportional to the mean intensity of 
radiation. 


The effect of temperature on the cross-linking 
reaction 


The G-value of the cross-linking reaction 
may be calculated from the slope of the 


y) 
G 
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Fic. 1. Curve of (s + s1/*) against reciprocal dose 
for rubber at 25°C. 
) Dose rate = 5-5 104 rad per hour 


@ Dose rate 5:1 


10° rad per hour. 
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;. 2. Curve of reciprocal dose against ( 
for rubber at 75°C. 
Dose rate = 5-5 x 104 rad per hour 
@ Dose rate = 5-1 x 10% rad per hour. 
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Fic. 4. Curve of (s + s/*) against reciprocal dose 
for crystallized rubber at —78°C. 
Dose rate = 7-8 x 10® rad per hour. 


straight line in the solubility data curves, and 
the initial number average molecular weight 


of the rubber. At 25°C, it is 0-83. Its 
variation with temperature is shown in the 
form of an Arrhenius plot in Fig. 5, giving 
two lines intersecting in the region of the 
glass transition temperature of rubber. This 
behaviour resembles that reported for poly- 
ethylene?!) and polyvinyl chloride“. In 
the present case, the slopes of the lines above 
and below glass transition temperature 
correspond to activation energies of the 
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Fic. 3. Curve of (s + s1/?) against reciprocal dose 
for rubber at —78°C. 
> Dose rate = 5-5 x 104 rad per hour 
@ Dose rate = 6-9 x 10% rad per hour. 


10vT 
Fic. 5. Arrhenius plot of the G-value for cross- 
linking. 


cross-linking reaction of 0-76 and 0:26 kcal 
respectively. 


The effect of crystallization on the cross-linking 
reaction 

It has been suggested that crystallization 
has a marked effect on the rate of the 
radiation induced cross-linking of poly- 
ethylene.“?) To investigate any similar 
behaviour by rubber, samples were crystal- 
lized using the method described by Woop"*), 
Evacuated samples were cooled at —23°C 
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for 24 hr and immediately immersed in a 
carbon dioxide—methanol bath at —78°C. 
Solubility data obtained on irradiating at 
this temperature are shown in Fig. 4. They 
are almost indistinguishable from results of 
the irradiation of supercooled amorphous 
rubber at the same temperature (Fig. 3). 
Furthermore the G-value of the cross-linking 


of crystallized rubber irradiated at —23°C 
lies very close to the line of the Arrhenius 
plot in Fig. 5, extrapolated through the 
results relating to irradiations performed at 
temperatures above the crystalline melting 
point of rubber, about 25°C. Accordingly it 
would appear that crystallization has little 
effect on the cross-linking of rubber. 


DISCUSSION 


The curves of the solubility data against 
reciprocal dose show the G-value for the 
cross-linking of rubber to be independent of 
the radiation intensity. Assuming that a 
radical mechanism is operative, then addi- 
tion of polyisopreny] radicals to double bonds 
in adjacent polymer chains, as postulated in 
the mechanism for the peroxide-initiated 
vulcanization of rubber“*), would manifest 
itself in deviations from a direct relationship 
between rate of cross-linking and intensity of 
radiation. ‘Thus the unsaturated centres 


which predominate in natural rubber play 
little part in the radiation induced cross- 


linking reaction. Furthermore only a rela- 
tively small decrease in the infra-red absorp- 
tion at 1665cm-! correlated with the 
stretching mode of the olefinic group, could 
be detected after a dose of some 4 x 108 rad 
at 35°C. 

The evolution of hydrogen on irradiating 
rubber and other hydrocarbon macromole- 
cules has been taken as suggesting the 
cleavage of hydrogen atoms to be the primary 
result of energy absorption.”*) ‘The ejected 
atom may abstract a neighbouring hydrogen 
atom or add a double bond, forming a 
polyisopreny] radical in each case. Combina- 
tion of two polyisoprenyl radicals would lead 
to cross-linking. Such a mechanism would 
predict a direct dependence of the rate of 
cross-linking on the radiation intensity. 

Above the glass transition temperature, 
the overall energy of activation of the cross- 
linking reaction is about 0-76 kcal. This is 
approximately equal to the energy of acti- 
vation of the termination reaction in many 
addition polymerizations, at low conversions. 
Accordingly diffusion of macroradicals can 


play little part in the cross-linking reaction, 
since the energy of activation of diffusion of 
macromolecules and macroradicals through 
bulk polymeric material is known to be very 
high, (16) 

Below the glass transition temperature, 
the activation energy of the cross-linking 
reaction falls to 0-26 kcal. PRAVEDNIKov and 
MeEDvEDEV") have suggested that this type of 
Arrhenius plot results from hot hydrogen 
atoms creating radicals some little distance 
away from each other. Below the glass 
transition temperature the recombination of 
such radicals is severely impeded, whilst the 
greater freedom of the chain segments above 
this temperature permits the formation of 
more cross-links. 

Wetss"”) has postulated an ionic mecha- 
nism of cross-linking. However, the un- 
saturation present in rubber might present a 
serious obstacle to the type of mobility of 
active centres envisaged. Nevertheless should 
an ionic mechanism be operative, partial 
release of chain segments on passing through 
the transition temperature would increase 
the probability of contact between groups in 
adjacent polymer chains thereby enhancing 
the rate of cross-linking. 

Compared with its marked effect on 
polyethylene, crystallization has a negligible 
effect on the cross-linking reaction of rubber. 
The symmetry of a polyethylene unit favours 
the formation of crystallities with a higher 
degree of perfection than can be attained in 
rubber. The smaller crystallities found in 
crystallized rubber would be less able than 
the large crystallites in polyethylene to 
resist segment mobility. Furthermore the 
maximum crystallization in rubber is only 
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some 30 per cent. Consequently the cross- 
linking reaction is impeded less by crystalli- 
zation of rubber than by crystallization of 
polyethylene. 


Infra-red spectroscopic analysis 

A thin (10-* in.) film of rubber, prepared 
by a compression of | ton per in.” at 120°C 
for 2 min, was irradiated in vacuo at 35°C 
for one week at a mean dose rate of 2-5 Mrad 
per hour in an assembly of spent fuel rods 
from the PLUTO and DIDO experimental 
reactors at Harwell. Its infra-red spectral 
changes were measured on a ‘“Unicam 
S.P. 100” spectrometer. ‘The first significant 
change induced by irradiation was a small 
decrease (ca.10 per cent) in the absorption 
correlated with the stretching mode of the 
olefinic group at 1665cm~!. The second 
was a marked increase in the absorption near 
1639 cm-! identified with terminal un- 
saturation. This may have a component at 
1631 cm. There was also an indication of 
an absorption near 910 cm~! which may be 


a deformation mode of terminal vinyl 
unsaturation. Thirdly the analysis revealed 
the formation of trans-vinylene unsaturation 
during the irradiation, manifested by the 
appearance of an absorption band at 980 
cm~}, similar to that observed on sulphur 
vulcanization of rubber™®), showing that 
each of the mesomeric forms of the polyiso- 
prenyl radicals 


CH, 


| a 
CH, 


—CH,—C—CH—cH— 


may be intermediaries in either the cross- 
linking or dislinking reactions. Lastly, a 
strengthening of a C—C bending mode at 
470 cm! which should be inversely pro- 
portional to degree of polymerization may 
not be unconnected with changes in the 
effective size of the rubber macromolecules 
due either to cross-linking or dislinking. 


THE DISLINKING REACTION 


Despite the emphasis on the cross-linking 
reaction, the present observations permit 
some comment on the simultaneous dislink- 
ing reaction. The ratio of the rates of 
dislinking and cross-linking may be measured 
from the intercept of the plot of (s +- s1/*) as 
a function of the reciprocal of the dose. 
Unfortunately application of this particular 
method of studying dislinking is unfavourable 
due to the small reaction rate in rubber. The 
results are summarized in Table 1. 

Tas_e 1. The variation of the slopes and intercepts of 
against reciprocal dose with the 
temperature of irradiation 


the plots of (s + s1/*) 


Temperature Intercept 


Slope (Mrad-1) 


0-05 
0-06 
0-05 
0-07 
0-05 
0-05 
0-07 
0-05 
0-05 


0-69 
0-76 
0-85 
0-97 
1-12 
1-63 
1-65 
1-77 


4-45 


N -. ~~ 
omnw 


(amorphous 
(crystalline) 
(amorphous) 
(crystalline) 
(amorphous) 
(amorphous) 


| 
| 

Pi) 

COC 


The ratio of the rates of dislinking and 
cross-linking is about 0-05 and is almost 
independent of the intensity of radiation and 
temperature. It follows that, like the rate of 
cross-linking, the rate of dislinking is directly 
proportional to the dose rate. The rate of 
dislinking at 25°C, evaluated from the 
product of the intercept and rate of cross- 
linking, corresponds to a G-value of 0-085. 

Temperature has the same effect on the 
dislinking reaction as that previously des- 
cribed for the cross-linking reaction. Above 
the glass transition temperature, its energy of 
activation is 0-76 kcal falling to 0-26 kcal 
below it. 

Infra-red spectroscopic analysis showed a 
marked increase in terminal unsaturation 
with the possible presence of R—CH=—CH, 
and RR!C=CH,. Scission of the carbon 
backbone as a primary consequence of energy 
absorption would produce two _ radicals 
which may terminate with a low activation 
energy bycombination or disproportionation, 
the latter leading to dislinking. 
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CH, 
| 


CH, 


CH,—C—CH—CH,—CH,—C—CH—CH,— 


CH, 
_CH,—C¢ =CH- + 
CH, 

—CH,—C=CH, 


However this reaction scheme inevitably 
produces at least one fragment with a 
conjugated system, for which there was no 
positive evidence. Alternatively, the radicals 
formed on cleavage of the carbon backbone 
may abstract hydrogen atoms from neigh- 
bouring rubber molecules. This would 
result in the formation of one non-conjugated 
unsaturated terminal group and one satur- 
ated terminal group. The rubber radicals 


-CH,—CH,—C 


CH, 
CH—CH,— 
CH, 


CH,—CH—C—CH—CH,— 


would contribute towards the overall cross- 
linking reaction. 
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A Liquid Loop as a Radiation Source, 
with Particular Reference to 
Radiation Chemistry—I1* 


Iv. S. RIABUKHIN and A. Ku. BREGER 


The solution for a loop containing one radioisotope given in Part I is extended to the general 
case of several radioisotopes with daughter products. The absolute maximum power output of 
the loop and the consumption of neutrons per unit of power are discussed for several of the 
elements which can be used in the loop. Indium and its alloys are the most promising 
materials. Special attention is given to a loop containing fissile isotopes (the “‘uranium loop”’), 
and it is shown that, under similar conditions the specific output of such a loop is considerably 
lower than that of a loop containing indium or its alloys. As a special case of the uranium loop, 
a loop is considered in which incompletely spent fuel elements are repeatedly circulated 
between the reactor and the irradiation unit. It is shown that the power is in this case 2—4 
times higher than that obtained by using completely spent fuel elements once only. 


UN CIRCUIT-BOUCLE A LIQUIDE GOMME SOURCE DE RADIATION, 
AVEC MENTION PARTICULIERE A PROPOS DE LA CHIMIE 
DE RADIATION—II 


La solution pour un circuit-boucle contenant un radioisotope, qui parut a la premiére partie, 
s’étend au cas général de plusieurs radioisotopes avec leurs produits de décomposition. On 
discute l’émission maximum absolue de puissance du circuit et la consommation de neutrons 
par unité de puissance pour plusieurs des éléments qui peuvent servir dans le circuit. L’indium 
et ses alliages sont les matériaux donnant la plus forte espérance. On préte un regard spécial 
a un circuit contenant des isotopes fissiles (le “circuit a uranium”’), et il se fait voir que, sous 
les conditions pareilles, l’émission spécifique d’un tel circuit est beaucoup inférieure a celle 
d’un circuit qui contient de l’indium ou de ses alliages. Comme cas particulier du circuit a 
uranium, on considére un circuit ou des éléments de combustible non épuisés circulent fréquem- 
ment entre le réacteur et l’appareil a irradiation. On indique que la puissance en ce cas-ci est 2 
a 4 fois plus forte que celle que donne |’emploi une fois seulement des éléments de combustible 
tout a fait épuisés. 


IMPRYJAUMOHHbIL KROHTYP AJTEPHOTO PEAKTOPA 
KAR MCTOUHUR W3.1VY4EHUM—II 

Pemenne 3aa4u 0 WMPKY.IAWMOHHOM KOHType C OHMM payuon30roromM, jaHHoe B YacTH I, 
pacnpocTpaHeHo Ha OOM Cy4aii, Kora B AKTHBUPYeMOM BellecTBe OOpasyeTCA HECKObKO 
paqMON30TONOB, MMeIOUINX paqMOakTHBHbIe MOTOMKM. PaccmorpeH Bompoc 06 adco.t0THO 
MAKCHMM@IbHOM MOUWIHOCTH KOHTYpa UM pacxoje HelirpOHOB Ha eAMHMILY MOUHOCTH JIA pra 
31@MCHTOB, KOTOPble MOrYT IPWMeHATLCH B KaveCTBe AKTUBUPYeMbIX B KOHTYpe BellecTB. 
Han6o.1ee NepcNeKTHBHBIMH 13 HUX ABIAIOTCH MHAM WM ero CIIAaBBI. 

Oco60 paccMOTpeH IWMpKYJAWMOHHBI KOHTYP, B KOTOPOM aKTHBUpyeMoe BeLlecTBO 
COWepRUT TeTAWMicA MW30TOT (““ypaHoBbii’’ KOHTyp). [loKa3saHoO, uTO yeIbHaH MOLHOCTb 
TakOro KOHTYpa Ip MpOunxX PaBHbIX YCJOBUAX 3HAYMTe.IbHO HUKe, eM Ve.IbHaH MOWHOCTB 
KOHTYPOB C MeTalJIM4YeCKUM MHMeM WIM ero CiiaBamMu. Hak vacrubiii c1yualt “ypaHosoro”’ 
KOHTYpa paccCMOTpeHa IMPKY.JIAUMA HeMOIHOCTbIO BbITOPeBIIMX TeMIOBbIeTAIOMMX 93.1e- 
MeHTOB M3 peakTOpa B pasMalMOHHy!o ycTaHoBRy i OOpaTHoO. IloKa3aHo, 4uTO B 9TOM C.lyyae 


* Translated by G. Rysack from Atomnaya Energiya 7, 129 (1959). 
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MOULHOCTb VCTAHOBRKM MOKeT ObITh yee. INteHa B TBa-YeThIpe pasa MO CpDaBHeEHHWO C MOLLHOCThIO 


YCTAHOBRIL C 
o.1@MCHTOB. 


EIN FLUSSIGKEITSKREISLAUF ALS STRAHLUNGSQUELLE 


OTHOKpPaTHBIM MCHO.1b30BaHHeM TO.THOCTbIO BBITOPeBIIMX TeILIOBbITe1IAIOULAX 


MIT BESONDERER 


BERUCKSICHTIGUNG DER STRAHLUNGSCHEMIE—II 


Die Lésung fiir einen Kreislauf mit einem Radioisotop, welche im I.Teil angegeben wurde, 
wird hier auf den allgemeinen Fall von mehreren Radioisotopen mit Tochterprodukten aus- 


gedehnt. 


Das absolute Maximum der Energieausbeute des Kreislaufes und der Neutronen- 


verbrauch pro Energieeinheit wird fiir mehrere fiir einen Kreislauf geeignete Elementediskutiert. 


Indium und seine Legierungen sind die meistversprechenden Substanzen. 
samkeit wurde einem Spaltprodukte enthaltendem Kreislauf 
dass bei gleichen iibrigen Bedingungen die spezifische 


es wurde gezeigt, 


Besondere Aufmerk- 
>) geschenkt und 
Ausbeute 


(““Uran-loop’ 
eines 


solchen Kreislaufes bedeutend niederer ist, als bei einem Kreislauf mit Indium oder Indiumle- 


gierungen. Als Spezialfall eines 


Uran-Kreislaufes 


wurden unvollstandig verbrauchte 


Brennstoffelemente untersucht, welche wiederholt zwischen Reaktor- und Bestrahlungseinheit 


zirkulieren. 


Es wird gezeigt, dass die Energieausbeute in diesem Fall 2 


~4 mal hoher ist, als 


die bei einmaliger Verwendung vollstandig verbrauchter Brennstoffelemente. 


INTRODUCTION 


In Part I™ a loop was discussed containing 
a substance which is activated to give a 
radioisotope having no daughter products.* 
More complicated cases, however, are pos- 
sible: (i) activation may give rise to several 
radioisotopes ; 
these primary radioisotopes may themselves 
be radioactive; (ili) the primary radio- 
isotopes and their disintegration products, 
both radioactive and stable, may become 
activated to form new radioisotopes; and 
(iv) the activated material may contain a 


LOOP WITH CONSTANT ¢,, 


The total output power of a loop with 
constant ¢,, ¢, and ¢, is clearly the sum of the 
outputs due to each isotope emitting y-radia- 
tion. If there is radioactive series, the specific 
power (i.e. power per litre of activated 
material) of the ideal loop due to the mth 
isotope in the series (counting the original 
activated isotope as the zeroth) “ah 


m m 


7 aoe 
aay il fy II A, 
q=1 


(ii) the daughter products of 


fissile isotope. The last represents a special 
case—the “uranium loop’’. 

It is possible therefore that a rather 
complex mixture of isotopes may form, the 
components of which are either independent 
or are members of a decay series. Computa- 
tions for such a loop, with ¢,, ¢,, and ¢,t 
varying from cycle to cycle, are difficult and 
hardly justified. In the present case we have 
therefore limited ourselves to considering a 
loop with constant ¢,, ¢,, and ¢,. 


t, AND ¢, 
= siti 


) has A; 


and where the expres- 


= 


where A,,, 


m 


sion at (A; 


We have ine deduced an expression? for 
the stored y-radiation energy at a time ¢ 
during the period ¢, of the cycle; this is 
equal to the number of atoms of the given 
isotopes multiplied by the energy of the 


m> 


—A,; 


Tq) {1 ae exp (>a) ral 


Aq)[1 — exp{—(t;_ + ¥¢) 5] 


; 1 — exp Lo + %)) 
. i= nexp (ty + %) — 1] ie 1) 


* While Part I was being printed, we became acquainted with a paper'!”) dealing with some of the problems discussed 
in Part I. The results agree with those given in the relevant sections of our paper. 


+ For notation see Part I. + See Appendix. 
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y-radiation emitted by them: 


[1 — exp {—n(r, + »,)J][1 — exp (—1,)] exp (—2el 


m 


val TA; 


This expression is simpler than that used by 
Lock"), 

Equations (1) and (2) also permit one to 
calculate the specific power for a loop in 
which a further isotope in the series (e.g. the 
pth) is activated. Such an isotope can be 
considered as the zeroth in a new decay 
series, the specific power of the m’th isotope 
being again determined by equation (1), for 
which N, in A,, = ¢0,N,.,, is given by 
equation (2). 

For a real loop the expressions for the 
specific power and for the stored disintegra- 
tion energy are as follows: 


mn m 


ey A,)(1 — €Xp [ty ‘i ¥q)}] 


— exp (—7,)][{1 — exp | 


- (2) 


incomplete radioactive saturation is more 
pronounced for the long-lived isotopes. The 
functional terms which give the contributions 
to the specific power from other isotopes are 
intermediate in magnitude between those 
for the short and long-lived isotopes. 

(ii) In the case of a decay series the 
specific power due to the mth isotope is 
determined by the accumulation and decay 
of the preceding members of the series. If 
the disintegration constants of the members 
are very different, i.e. if A,>A4,>4,... 
> 4,, then the conditions will be governed 
chiefly by the term in summation (3) 


( o ‘a ( 7 \ 
—v,)] exp (—7,) 


Cc 

TA 
-&g— - an 

n | 


: [ 1 — exp {[—n(r, + 


m— 


1 
Hy = r. ha z 
q=1 gq=l 
j=1 

In order to determine the conditions for 
highest power, the maximum of the summed 
specific outputs of all isotopes must be found. 
The problem in its general form is rather 
complex. It is more profitable to use the 
following approximate but simple method of 
choosing the conditions. 

(i) In the case of a simple mixture of 
isotopes, only the shortest- and longest-lived 
of the isotopes contributing significantly to 
the total specific power are considered. The 
reduction of the specific output below 4/4, 
which occurs because ¢, is finite and ¢, and 
t, are not optimal is more pronounced for 
short-lived isotopes (cf. equations (4) and (5) 
in Part I™), while the reduction due to 


m 


al TA; 
j=1 


—A,)[1 — exp {—(7, + % + &) 


Vo + Eq). 
an a = a <——— qa | ; (3) 
n[exp (7, + % +€,) —1 


x [1 = exp{—n(t, + % + 4) $/[1 — exp (=7.)] exp [A(t + bn) 


wt ; 
A, 1 (4; -— 4 


1.) [1 — exp {—(7, + % + &)}] 


corresponding to the isotope with smallest 2. 
If there are two or more members of 
the decay series with similar values of 4, 
then since the derivative with respect to 


of each term in the summation (3) is not 
very dependent on 4 (cf. equation (5) in part 
I), such derivatives can be considered 
equal and the corresponding terms in the 
equation (3) can be added. The arguments 
already given can then be employed. 

Having chosen the conditions, one can 
calculate accurately the specific power cor- 
responding to each isotope and confirm that 
the choice has been suitable. 


SUBSTANCES WHICH CAN BE USED IN THE LOOP 


Table 1 gives some data on elements which 
can be used; C; is the fraction of the 7th 
isotope in the natural mixture of isotopes; 


G; act Its activation cross-section; and o,,, the 
neutron absorption cross-section for the 
mixture of isotopes (the values of Gact, Gas 
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Taste 1. Characteristics of isotopes which can be used in liquid loops 


y-emitting 


Element : 
isotopes 


Na?4 
Sc 46 
Mn*é 
Ga” 

Br®? 

Br®° 

Ins 5: 
Sb!22 
Sbi24 
Lalo 
Ir'92 


Half-life 


v0 , 
LCG; actl';, 


MeV barn 


‘9 min 
2:8 days 

60 days 

1-66 days 


74:3 days 


and C' are from Ref. 3, and those of I’ from 
Refs. 4-6). Column 4 gives the absolute 
maximum power per atom of the relevant 
element, and column 5 the absolute maxi- 
mum power per neutron absorbed. ‘The 


table includes only elements which have 
(i) y-emitting isotopes with half lives less 
than 100 days; (ii) }Cyo; 4.0; => 2 MeV barn; 


>Co; act r; 
iene — 0-5 MeV. 


Oabs 


é 


and ( 


Table 1 shows that indium, iridium, 
scandium, manganese and lanthanum give 
the highest absolute maximum powers per 
atom. The absolute maximum power which 
can be achieved in practice clearly depends 
on the physical and chemical properties of 
the material. Among the elements which 
are efficiently activated by neutrons, sodium 
is pre-eminent, followed by lanthanum, 


scandium, indium, manganese, and gallium. 
The actual activation efficiency per neutron 
absorbed depends on the absorption cross- 
section and on the working conditions of the 
loop. . 

Table 2 shows the absolute 
power yielded from various substances which 
appear promising for use in liquid loops. ‘The 
values have been calculated for ¢ 1018 
cm~? sec-!, Indium and its alloys have the 
highest specific power but sodium makes the 
most efficient use of neutrons, so that when 
practical systems are being considered it is 
possible to select a circulating material best 
suited to the requirements. 

When selecting circulating materials for 
practical reactors, the following fact must be 
borne in mind. In the comparison of 
specific outputs it is assumed that the 
introduction .of the activated substance into 
the activation zone does not appreciably 


maximum 


TABLE 2. Promising substances for use in liquid loops 
{ { 


Activated 
element 


State 


Na 
Mn, Br 
In, Ga 


Liquid metal 

MnBr,, 3M solution 

Liquid alloy, In 24% 

Liquid metal 

Liquid alloy, In 56°; Bi 34°,; Pb 10% 
Liquid alloys, In 52%; Bi 30%; Sn 18% 
In,(SO,)3, M solution 


Power per neutron ‘ 
I % Melting 
absorbed per sec : ; 
point c 


(W x 10-33 


ia max Wai 


20 
23 
1200 
5100 
3300 
2900 
165 


* See e.g. Ref. 7. t Ref. 8. 
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affect the neutron flux. The same assumption 
was made in Part I” when finding the 
optimum loop. It is introduced not only 
because the quantity of activated material 
is often supposed to be small, but also 
because it is not possible to derive a general 
expression for the reduction in neutron flux 
due to the introduction of a given volume of 
activated material into the activation zone. 
The reduction will depend, for example, 
upon geometric factors. If it is appreciable 
we can find, from the given volume V, and 
the given mean flux in the volume VJ,, 
conditions which are optimum in_ the 
relative sense (see Part I"). A comparison 
of substances according to the power per 
absorbed neutron per second is significant 
when the neutrons are used for other 
purposes and are therefore “‘valuable”’. The 
fullest use of neutrons is achieved with a loop 
in which J, is infinitely large compared with 
V,; the power per absorbed neutron per 
second is then twice that shown in Table 2. 
On the other hand such a loop is clearly not 


optimal in output per litre of circulating 
material. 

It is interesting to compare the results 
obtained with the corresponding data for a 
loop activated by a Co® y-radiation source. 
For cobalt ¥C,o,; 4. 0; = 90 MeV barn and 

b 


a 


dCi; act Yr; 
—- = 2-5 MeV. 


O abs 
Taking ¢ = 10% cm~*sec™, we obtain 
Po max = 3,160 W.1.-! for a loop employing 
pure cobalt. The mean specific power 
during a period acceptable in practice is 
however much lower, and a calculation 
shows (equation (4b), Part I") that for 
A =1 year; it. = 4, —= 05 year; and (, = 
0, the mean power P of a one litre Co® 
sample is 0-032A = 405 W. The efficiency 
with which neutrons are used is in this case 
0-25 W per neutron i.e. lower by a factor of 
5-8 than that for the indium-gallium alloy 

shown in ‘Table 2. 


THE “URANIUM LOOP” 


Liquid loops in which a substance con- 
taining a fissile isotope is employed to “carry” 
the y-radiation into the irradiation unit are 
of considerable interest.“ If the optimum 
working conditions of the loop can be found 
in terms of the specific power of the irradia- 
tion unit this will provide a basis for using 
such loops with both homogeneous and 
heterogeneous reactors. Moreover, the 
theory of a “uranium loop” must also be 
used in calculating conditions for irradiation 
units using partly or completely spent fuel 
elements. This also is of great practical 
importance (see, e.g. Refs. 10-13). The chief 
difficulty is the fact that data on the y- 
emission from fission fragments, short-lived 
isotopes in particular, are rather incomplete 
and often inaccurate. Nevertheless we have 
attempted to calculate the maximum specific 
power of a uranium loop, using data on the 
properties of isotopes'*~® and on the yields 
of fission products of U?°"4) obtained from 
the literature. 


Summation of the specific outputs over all 
isotopes gives 


] 
ae 4 dA m 


m 


pia 


amax 


1-6 
oie ¢0y Ny MeV sec—1-1. (4) 


If the circulating material is a 1-:26M 
aqueous solution of uranyl nitrate and if 
$=_10° cn“ oc, ten Fr. = 19 
W.1.-!. This is probably a low value, since 
many short-lived isotopes have been omitted 
from the calculation. 

A better approach is through the use of 
the formula given by Way and Wigner for 
the energy of y-radiation emitted per unit 
time by the fragments ¢ seconds after fission: 


E 
= = 1-26 1? MeV sec" per disintegration. 
(3) 


The formula is applicable in the range 
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Number of cycles,n 
Fic. 1. The function S(n). 
10 <t< 10sec. Assuming as before that 
t, and ¢,, are constant, we obtain* 


where / is the number of disintegrations per 
second per litre; andg, = k(t, + ¢, + ¢,) 
+t,,. Equation (6) is symmetrical with 
respect to ¢, and ¢, (i.e. ¢, = ¢, under the 
optimum conditions for given ¢,), as are the 
corresponding equations in our previous 
paper.) 

The problem of finding a sufficiently close 
approximation for the summation in equa- 
tion (6) in a form convenient for practical 
application remains unsolved.t+ It is possible, 
however, to derive the required expressions 
for certain special cases, as follows. 

(i) If is so small that it becomes possible 
to carry out a term-by-term summation, 
this provides a general solution, i.e. a 
solution for any ¢,, ¢,, ¢,,, and t,,,.. 

it) 7 hw ht, 4, —£,, and &<1 we 
obtain,* with an accuracy of +2 per cent, 

7°88 f/E°? 


+ 9 ai Bees £008 


a (é + * > ua + a ar |> ( 


where $(z) is determined from Fig. 1. 


Waa 
Denoting - ia by Q(&, n) (Fig. 2), we see 


* See Appendix. 
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Fic. 2. The function Q(&) for various values of n. 


that the optimum conditions for any occur 
when € = 0:08. Equations (6) and (7) are 
applicable within the range ¢ = 10 > 10? 
sec, as in equation (5). 

Calculations using equation (7) show that 
the specific power of a loop containing e.g. 
1-26 M natural uranyl nitrate as the activated 
substance is 3-2 W.1.-! for ¢ = 10% cm-? 
ct, Lh = £, = Meee t, = &, = 10 see, 
and K = 100 days. This power is greater 
by a factor of 1-7 than the corresponding 
value calculated for the ideal optimum loop 
from equation (4). It is considerably lower, 
however, than the power of the loops 
discussed earlier (see Table 2). 

For comparison we would point out that 
even if the loop contains natural uranium 
metal the power (under the same conditions) 
is only 190 W.1.-1, which is the limiting 
value for this kind of loop working in the 
given neutron flux. 

The power of an ideal uranium loop when 
n—»oocan also be estimated. ‘The total 
y-radiation energy emitted by the fragments 
is known to be ~6 MeV per disintegration. 
Equation (5), on the other hand, shows that 
an energy of 


10? 
[ 1-26¢-1? dt = 3-85 W per disintegration 
/10 


+ In principle, Euler’s formula can be used, but the expression is found to be too cumbersome. 
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is emitted in the range ¢ = 10 — 10% sec. 
Therefore even in the ideal case the power 
can be increased 1} times. As the conditions 
of the ideal loop are approached, however, 
the number of delayed neutrons emitted per 
second in the irradiation unit rapidly rises. 
Their number for each neutron-emitting 
isotope is given by an equation analogous to 
equation (4a) in Part I: 


M = 
Df {1 — exp (—r)][1 — exp (—») exp (—7) 


(+ + o)[I — exp{—(@ +9 +e], 


3 
where D is the yield per disintegration of a 
given group of delayed neutrons. Thus the 
total neutron intensity employed in calcula- 


tions of loop powers may under these 
conditions reach 1-5 x 101 sec7} 1.-}. 


USE OF FUEL ELEMENTS IN THE IRRADIATION UNIT 


Equation (7) can be also used for selecting 
operating conditions and for calculating the 
specific power of an irradiation unit employ- 
ing as the radiation source either partly 
(n> 1) or completely (n= 1) spent fuel 
elements. The completely spent elements are 
those which have been in a reactor for a time 
equal to their normal life. They are then 
usually cooled and processed. When the 
elements are being used as a radiation source, 
they are cooled in a special irradiation unit. 

Equation (7) has been used to calculate 
the specific power yield from spent fuel 
elements under a variety of different condi- 
tions (¢, = 10, 20, 30 and 45 days; speed of 
delivery from reactor to irradiation unit 
t,,, = 0-3 to 10 days). The results show that 

(i) ‘The mean specific power of the unit 
(over the whole working life of the fuel 
elements) can be increased by a factor of 
13 +3 (from 4-7 to 13 > 14 W.1."! for 
natural uranium) if the transfer time from 
reactor to irradiation unit is decreased from 
10 to 1 — 2 days. 

(ii) When the transfer time ¢,, is 1 + 2 
days, the mean specific power is practically 
independent (within +5 per cent) of the 
time ¢, spent by the fuel element in the 
reactor. Under the conditions mentioned 
above the power is 13 > 14 W.1.71. 

It will be seen below that considerably 
better results are obtained with partially 
spent fuel elements—i.e. elements which are 
used in the reactor for a time ¢,, are trans- 
ferred to the irradiation unit and used as a 
y-source for a time ¢,, and are then returned 
to the reactor. It appears that this sequence 
can be repeated many times, until the fuel 
element is completely spent. 


The results for two loops of different total 
working period K are given in Fig. 3. The 
following data were used in the calculations: 
¢ = 10% cm~ sec~; loop contains 1,000 cm’ 
of fuel element consisting of pure natural 
uranium; total working life of fuel element in 
he reactor at, = 30Gays; §. = 4; 4, = fz 
t,,, = 10 days (for the example with K = 80 
days) and 3-3 days (K = 66-6 days). The 
curves in Fig. 3 show that by repeated use of 
partly spent fuel elements (n> 1) the 
specific output of a loop can be made 
several times greater than that of a unit in 
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Number of cycles, n 


Fic. 3. Relationship between the number of cycles 
n and (a) the specific power P of fuel elements; (b) 
time ¢, spent in the reactor; and (c) transfer time t,,. 
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which completely spent fuel elements are 
used once only (n = 1). 
Equation (7) and Figs. 1 and 2 can be used 


to calculate performance data for other 
cases where fuel elements are “‘circulated’’, 
provided ¢, = ¢t, and i?,, =t 


ur* 
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APPENDIX 


1. Derivation of equations (1) and (2) 
We first determine the disintegration 


energy stored by the mth isotope (counting 


the original activated isotope as the zeroth) 
at time ¢ during period ¢,; 
activation during the period ¢,,: 


m m—1 
U,* =T, >\N, 11 A 
r= | qg=r 


ie Naas he as t,) (2 — k) aaa Ag) (1A) 


/ 


(2A) 


Ye 
is the number of atoms of the rth isotope 
present at the end of period ¢,,, and formed by 
activation during the period ¢,, alone. 
Expressions (1A) and (2A) are subject to 
the conditions []A,=1 if b<a, and 


a 
AypNo = $0)No, taking A, = 0 in the index 


=——; = 1 im the expression A, — A,. 


ae 8 
By certain transformations they become 
expressions for the number of atoms of the 
mth isotope in the decay series (see e.g. Ref. 


as a result of 


1A), 


- hq 


16). Substituting (2A) into 
ral 


rd 


}=f m E / 
We now simplify the summation > , noting 
1 r 


7 
that multiplication of the summations > and 
m q=0 


> gives three kinds of product, containing 
. 


a= 
(i) only exp A,{—(t, + t,)(« —k 
(ii) exp Lt {6 
(« —k) —t}; and 
(iii) exp (—A,t,) exp A,{—(¢, +4, 


(—A,t,) exp / 


‘a’r) 
(« —k) —#h, 
a+b, which give rise, respectively, to the 
expressions 
S oPAL—(e + 4) — *) — 


m 


ANEE, — A 


+) ae 2 
q=1 
j=] 

wy % exp Al —t — 
ae re in, 
q=1 


(iii) 0. 
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eda ms, Sexpsf[—(t, + ¢,)(¢ —k 
Hence T {2 fe A, > win Pp [—t Es )( ne ) 


m 
q=1 q=1 . 4 4 
Aah 4 (A; — Ag) 


4h — exp (~A4)]. 


The disintegration energy stored by the mth isotope at time ¢ during period ¢, of the nth 
cycle (i.e. 1 = n) is 
, Bs 2 m-1 m [1 — exp {—n(7, + »v,)}][1 — exp (—7,)] exp (—A,t) 
Pe an Mf A, 11 4, 3+ Pt a at Ma) tL P (=7)] exp (~Agl) 
k=1 g=1 1 4 A A - . 
; : ATT (A; oe A,)(1 — €xp [fh ¢E P| 


j=1 


The energy emitted by the mth isotope during the 7th cycle, arising from activation during 
the Ath cycle, is 


\ 


m wm [1 — exp (—A,t,)][1 — exp (—A,t,)] exp [—A,(¢, + ¢,)(t — /)] 


¥ 3 £ m m [1 exp ( }{1 exp ( V )] 
ta _ t=1k=1 ol a 4 eM oe am! t me wat 
a a nt, ae} ia Ay ITA, 2 : ees a , 
u/ q q= (7, + aaa TT (A, —A,){1 — exp {—(z, + »,)}] 
j= 


: [ _ 1 —exp[—a(, + at] 
nlexp (tT, + %) — 1] 
2. Derivation of an expression for the specific power of a uranium loop 
If f is the number of disintegrations per second, then equation (5) can be used to 
derive the energy emitted between the times At,; and At,; + dt,; during the period t¢,,; 
as a result of fission between the times At,, and At, + dt,, during the period ¢,, 
dE i, = 1-26f. dt,,.[ (2 re k) (t, a ly, i. t.) 5 i bon S At,,; + (tn i At,,)}-** dt,,;, 
whence 
tui Pte i is : P 
Ex. es | | dE = 7-B8f; (Six a ia a gx Lai (Six a ly 5 i bald oe (Six TY, 1)", 
At,,; =00/ At,,=0 


where Lx — (2 a3 k) (t, ar t, “{* t,) ‘i bus and 


in which g, = k(t, + t, +t.) + ty. 
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Ift, = ¢, and ¢,,, = t,,, equation (3A) can be rewritten: 


n—1 
7-aaee?'S (15) 2[2K(1 4+ 8) + 8+ 1J°8— [2k(1 + €) + €]8— [2k(1+ &) + €+ 208) 
o k=0 


P= E 
0-2 Oe os ae 
bru |2( ¢) =| 
where A graph of $(n) is shown in Fig. 1. The error 
— | ei in S(n) does not exceed 3 per cent. 
a + [Pe Fe (£4. 9/9? + ' agg 
Y i 2(§+ 1)° ileal ole p Ag Finally, if § < 1, then within +2 per cent 
It can be shown that if € <1, the following W¢ have 
relation holds with an accuracy better than 7-88 fe? 
+3 per cent: i as a a 
. ¢ 0-2 oom , yom 
n—1 all S(n) \ i. 20 &) | 
1 9 (1. + €)?*? 
where aye: ])0'8 £08 _ (£ )\0-8 
s n—1 , k P Of - 2 iso aed ) S 
(n) ="S (1 —F) eee +1). st) J 
— (2k)°8 — (2k + 2)%8}. (1 + 8) 


* The expression after the summation sign has been for brevity. 
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Distribution of tritium atoms in chlorobenzene, nitrobenzene and anisole, labelled by 
contact with tritium gas, has been determined. In all the substances examined, ortho and para 
positions account for about } of the radioactivity of the pure tritiated compound. The ratio 
of activity found in para and meta positions, ranges from | : | in the chlorobenzene to | : 0-6 
in the anisole and | : 4 in the nitrobenzene, depending on the nature of the substituent groups 


in the irradiated compound. 


LA DISTRIBUTION DES ATOMES RADIOACTIFS DANS LES 
COMPOSES AROMATIQUES MARQUES PAR EXPOSITION 
AU TRITIUM GAZEUX 
La détermination a été faite de la distribution des atomes de tritium dans la chlorobenzine, 
la nitrobenzine et l’anisole lorsque ces composés ont été marqués par contacte avec le tritium 
en état de gaz. Dans tous les composés observés les emplacements ortho et para rendent compte 
d’environ 2/3 de l’activité du composé pur tritié. La proportion d’activité retrouvée. dans les 
emplacements para et méta varie entre 1:1 dans la chlorobenzine a 1:0,6 dans Il’anisole et 
a 1:4 dans la nitrobenzine, selon la nature des groupements substitutifs dans le composé 


irradié. 


PACHPENTE.TEHHE PATHWOARTHBHbBIX ATOMOB B APOMATHUECRITX 
COETMHEHWUAX, MEYEHbDIX TPHTUEM 
OnpeyeteHo pactipeqesteHwe arOMOB TPHUTHA B X.1OpOeH30.le, HUTPOGeH3O1Ie M aHMsoue, 
Me4eHbIX ILVT@M KOHTAKTAa C ras000pa3sHbIM TpuTHeM. Bo Bcex NCC.1eqOBaHHbIX COeMHEHUAX 
/3 paqMOakTHBHOCTH 4MCTOrO COeMHeHHA, Me4YeHOrO TPMTHeM, OllpeeiAeTcA 


lipHMepHo 2 
PactipejledeHne AKTMBHOCTH B Hapa- M MeTa-MOJ0+#eHMAX 


OpToO- M Tapa-MoJl0+.eHMAMH. 
M3MeHAeTCAH B Ipexedax oT 1:1 qa xopben307a 70 1:0,6 Waa ann3o0da u 1:4 aa HUTpodeH- 
30a, B 3aBHCHMOCTH OT TIpmpoybl rpyul samectureleii M COe_MHeEHHA, HOABepraemoro 


oo yueHHW. 


DIE VERTEILUNG RADIOAKTIVER ATOME IN AROMATISCHEN VERBIN- 
DUNGEN, DIE DURCH EXPONIERUNG IN TRITIUMGAS MARKIERT WURDEN 
Es wurde die Verteilung von Trittum-Atomen in Chlorbenzol, Chlorbenzol und Anisol, 
welche durch Kontakt mit Tritiumgas korkiert wurden, bestimmt. In allen untersuchten Sub- 
stanzen entsprechen Ortho- und Parastellungen etwa 2/3 der Radioaktivitat der rein mit Tritium 
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ie) 


versehenen Verbindung. Das in Para- und Metastellungen gefundene Aktivitatsverhaltnis 
variiert von 1:1 in Chlorbenzol bis 1:0,6 in Anisol und 1:4 in Nitrobenzol in Abhangigkeit 
von der Art der substituierenden Gruppen in der bestrahlten Verbindung. 


INTRODUCTION 


Tue method recently suggested by Witz- 
BACH”) for tritium labelling of organic 
substances, by contact with curie amounts 
of tritium gas, affords a convenient mean for 
the preparation of a large number of high 
specific activity compounds,” including 
cases where the structure of starting material 
is very complex") or unknown.‘ 
Unfortunately, very little is known regard- 
ing the distribution of the radioactive atoms 


in tritiated molecules, despite the need of 
such a knowledge for the appropriate use of 


labelled compounds in tracer research in the 
field of chemistry and biology. 

The present work deals with a systematic 
analysis of radioactive atoms distribution in 
aromatic substances as chlorobenzene, nitro- 
benzene and anisole, tritiated according to 
the WitzBacH method. 

The determination of tritium distribution 


in such labelled compounds depends on: 

(1) The measurement of the molecular 
radioactivity of the parent compound, 
after radiochemical purification. 

(2) The measurement of the molecular 
radioactivity of derivatives, obtained 
by replacing hydrogen atoms in dif- 
ferent positions of the parent molecule 
with non-radioactive substituents. 

The tritium percentage in each position is 
determined by difference between two 
radioactivity measurements; high accuracy 
is therefore required in the specific activity 
determinations. 

Moreover, the parent compound must be 
free of radioactive impurities; substitution 
reactions must be chosen in order to avoid 
hydrogen atom exchange between organic 
molecules and solvents and/or reagents 
employed. 


EXPERIMENTAL 


Very pure starting materials were em- 
ployed, to minimize the 
radioactive side-products. 
chlorobenzene, nitrobenzene 
were repeatedly purified by 
fractional distillation and final purity was 
checked by gas-chromatographic analysis. 


Reagent grade 
and _ anisole 


Fic. 1. Apparatus for exchange reaction. 
A Tritium reservoir 
B Topler pump 
C Traps 
D Exchange vessel 
E Manometer. 


formation of 


means of 


Tritium gas was 95-5 per cent pure, the 
remaining being hydrogen and decay He’; 
molecular activity was 54:7 c/mmole. 


Exchange reaction 

Exchange reactions were performed in 
25 ml cylindrical Pyrex ampovles, filled by 
means of the vacuum line shown in Fig. 1. 
About 2 g of compound to be labelled were 
introduced into the ampoule, cooled in a 
liquid nitrogen bath, accurately outgassed 
and evacuated to a pressure of 10-4 mm Hg. 
Tritium gas was introduced into the reaction 
vessel by means of a T6pler pump until the 
pressure was raised up to a value equivalent 
to 0-3 c of activity, after which the ampoule 
was sealed off. 

Substantially, the same technique was 
employed in the vapour phase irradiation of 
chlorobenzene, but the ampoule contained 
a quantity of organic substance sufficient to 
reach the pressure of 8 mm Hg at 25°C. 
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Fic. 2. Radiochromatography of crude irradiated chlorobenzene after addition of pure benzene as ‘“‘label”’. 
Continuous line refers to ionization current, broken one to thermoconductivity cell response. 


Isolation and purification of labelled compounds 

After 30 days, the ampoules were again 
connected to the vacuum line, cooled in a 
liquid nitrogen bath and opened, by means 
of their break seals, with a magnetic hammer. 
Tritium gas was pumped off by means of the 
T6pler pump and the ampoule’s content was 
outgassed. 

‘Tritiated organic compounds were diluted 
and distilled under vacuum before trying 
successive steps in purification. 


As previously pointed out, the accuracy of 


this tritium distribution analysis in labelled 


compounds strongly depends on removal of 


all radioactive impurities formed as side 
products in the exchange reactions. Often, 
these contaminants (in trace amounts but 
having very high specific activity) have 
chemical and physical properties strictly 
resembling those of the compound examined. 
Very efficient purification methods are there- 
fore required. 

As regards the compounds assayed in the 
present work, vapour phase chromatography 
was used both in detecting and measuring 
radioactive impurities as well as for pre- 
parative scale purification. 

A flow ionization chamber was employed 
in series to a gas-chromatographic apparatus, 
equipped with a conventional thermocon- 
ductivity detector. Such an assembly is 
described in detail in a separate paper.) 

The ionization current and the thermocon- 
ductivity cell response were simultaneously 


recorded, after suitable amplification, on 
twosynchronized recorders. ‘The radioactivity 
measurements had an accuracy of about 2-5 
per cent) making it possible to evaluate the 
tritium content of the various impurities. 
The chemical nature of these radioactive 
side products was determined by comparing 
their retention volumes with those of pure 
specimens. After fractional vacuum distilla- 
tion, successive gas-chromatographic analysis 
failed to show in the tritiated compounds 
any chemically detectable impurity. On 
the other hand, simultaneous radiometric 
analysis detected carrier-free radioactive 
impurities as an appreciable percentage of 
the total organic tritium. In Figs. 2 and 3 
are shown analyses of chlorobenzene and 
anisole (previously distilled under vacuum) 
obtained by the technique described. In 
both cases, tritiated benzene was identified 
by addition of pure hydrocarbon to the 
analysed mixtures and by comparison of its 
retention volume with that of the radio- 
chemical peak. 

As pointed out, the purification on 
preparative scale of irradiated compounds 
was again accomplished by gas chromatog- 
raphy, the column efficiency being in the 
range of 600-1000 theoretical plates. The 
injected substances were recovered in the 
effluent gas by means of cooled traps. 

Table 1 shows conditions chosen to purify 
compounds examined. Gas chromatography 
was repeated until specific activity of the 
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: ~-—— Injection 


in aromatic compounds 


Fic. 3. Radiochromatography 


of crude irradiated anisole, pure benzene having been added as “‘label’’, 


TABLE | 


Column length 


Compound / 
(m) 


Tricresylphosphate on Celite; 2 


Didecylphtalate on Celite; 3 
Dinonylphtalate on Sterchmol; 2 
Apiezon L on Celite; | ; 


Chlorobenzene 

2 :4-dichlorobenzene 
Anisole 
Nitrobenzene 


: ‘low-rate 
Carrier gas Fle ee 
I/hr 


Nitrogen 
Nitrogen 
Nitrogen 
Nitrogen 


substances remained constant. Pure samples 
were then employed to prepare derivatives. 


Derivatives preparation 
In the molecule of derivatives, one or 
more hydrogen atoms are substituted by 
non-radioactive groups. Care was taken, in 
their preparation and isolation, to avoid 
isotopic exchange of hydrogen atoms between 
reagent or solvent and organic molecule. 
Small amounts of parent substances were 
required both in gas-chromatographic puri- 
fication and in radioactivity analysis, hence 
all derivatives were prepared on the scale of 
50-200 mg. 
Chlorobenzene. Use 
following reaction: 
Cl Cl 
‘tea Fi 
| | | 


Tian 


was made of the 


Cl 


— 


Sst 
Cl 


accomplished with molecular chlorine in the 


presence of FeCl, at 60°-65°C. The crude 
reaction product was washed with diluted 
sodium bicarbonate solution; then it was 
extracted with ether, and the organic phase 
dried on potassium carbonate. After distilla- 
tion of the bulk of ether, the residue was 
gas-chromatographed on columns packed 
with a stationary phase of dodecylphthalate 
on Celite, using nitrogen as carrier gas at 
0-75 1./hr flow-rate. 

o-Dichlorobenzene and p-dichlorobenzene. These 
were separately collected in the effluent gas. 
Such purified samples were then employed in 
radioactivity analysis. 

Nitrobenzene. Nitrobenzene derivatives 
were obtained by reaction of the parent 
compound with bromine in the presence of 
reduced iron at 135°-145°C for 3 hr. The 
reaction mixture was neutralized with sodium 
carbonate, steam distilled to eliminate excess 
of nitrobenzene and distilled under vacuum. 
The fraction b.p. 117°-118°C/9 mm Hg wes 
repeatedly crystallized from ethyl alcohc! 
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up to constant m.p. 56°C. m-Bromonitro- 
benzene was then assayed for radioactivity 
and used as starting material in preparing 
dibromonitrobenzene. 

1- Nitro-2 :5-dibromobenzene. m-Bromonitro- 
benzene was heated with excess bromine and 
FeCl, "®) at 75°-80°C for 12 hr. The reaction 
product was neutralized with dilute sodium 
carbonate, steam distilled and then extracted 
with ether; it was evaporated and the 
residue dissolved in alcohol and decolorized 
with charcoal. The crude compound pre- 
cipitated on dilution with water and was 
crystallized from alcohol—water up to con- 
stant m.p. 85°C. It was then assayed for 
radioactivity. 

Anisole. Activity distribution in hydrogen 
atoms of the benzene nucleus as well as in 
the methoxylic group was determined 
according to the following scheme 


CO—CH, 

Methyl iodide. Anisole dissolved in excess 
phenol was reacted with hydriodic acid, 
collecting methyl iodide into cooled traps. 

Gas-chromatographic analysis failed to 
show, after several distillations, any radio- 
active impurity in methyl iodide; hence, its 
activity was assayed to evaluate tritium 
content in the methoxylic hydrogen atoms. 

Pentachloroanisole. Due to the low activity 
level found in methyl iodide, it was believed 
necessary to check the tritium content in the 
methoxylic group. Hence, another deriva- 
tive was prepared, i.e. pentachloroanisole, 
by reacting molecular chlorine with anisole 
in the presence of iodine at 60°C. After 
washing with sodium carbonate solution, 


the crude reaction product was filtered, 
crystallized, up to constant m.p. 107-5°- 
108°C, dried and assayed for radioactivity. 
Satisfactory agreement was obtained with 
the previous data of methyl iodide analysis. 

p-Methoxy-acetophenone. Anisole dissolved in 
carbon disulphide was reacted with acetyl 
chloride in the presence of AlCl, for 30 min. 
After cooling, ice was added to the reaction 
mixture with shaking. After extraction with 
ether, the organic layer was washed with 
water and sodium carbonate solution and 
dried on magnesium sulphate. Ether and 
carbon disulphide were eliminated by distil- 
lation, the residue fractionated under vacuum 
and the fraction boiling at 138°-142°C/14 
mm Hg was collected. 

The purity of the compound was checked 
by preparing its semicarbazone m.p. 196°C 
(isomeric o-methoxyacetophenone semicar- 
bazone melts at 182°-183°C). ‘The semicar- 
bazone was employed to determine activity. 

2:4-Dibromo-anisole. ‘This derivative was 
prepared by reaction of excess phosphorus 
pentabromide with anisole. The reaction 
mixture was decomposed with ice; the oil 


separated was crystallized from alcohol, 


m.p. 62°-63°C. Also this derivative was 
assayed for radioactivity. 


Radioactivity measurements 

The analysis of pure specimens of labelled 
substances and derivatives was accomplished 
according to the Wi~zBacH, KAPLAN and 
Brown method, converting tritium or- 
ganic compounds into a mixture of methane 
and hydrogen. 

The radioactive gas was expanded in a 
250 ml ionization chamber, of modified 
Borkowsky type, the pressure being raised to 
atmospheric value by addition of pure 
methane. 

The ionization current was measured by 
means of a vibrating reed electrometer 
(model 31, Applied Physics Co.). 

The accuracy of the analytical method 
was better than 1-0 per cent. By means of a 
flow ionization chamber, in series with the gas 
chromatograph, the radioactivity of volatile 
samples was again determined, to obtain 
a useful check by a different technique. 
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TABLE 2 


Compound Derivative 


Chlorobenzene* - 
1 :2-dichlorobenzene 
1 :4-dichlorobenzene 


Chlorobenzenet 
1 :2-dichlorobenzene 
1 :4-dichlorobenzene 


Nitrobenzene* 


1-nitro-3-bromobenzene 
e: 


l-nitro-2 :5-dibromo- 
benzene 


Anisole* 
methyl iodide 
pentachloroanisole 
p-methoxyacetophenone 
semicarbazone 
2 :4-dibromoanisole 


Mol. Specific activity Molar activity 


Wt. (mc/mg) c/mmole 


108-0 
141-9 


280-3 


207-2 


265°9 


* Irradiation in the presence of liquid excess (I g). 
+ Vapour phase irradiation. 


RESULTS 


The results of the analysis are summarized 
in Table 2. The specific activity quoted for 
each compound corresponds to the mean 
value of different measurements obtained on 
samples prepared by at least two separate 
runs. ‘The standard deviation of each 
measurement is about 2-0 per cent. 

Table 3 shows the percentage of tritium 
activity in the molecular positions of the 
analysed compounds. 

From the data of Table 3, taking also into 
account the results obtained by WiuzBAcu in 
the analysis of tritiated toluene," some 
useful observations can be drawn: 

(1) Tracer atoms distribution is not com- 
pletely random, as indicated, for 
instance, by the large difference in 
the tritium content in the hydrogen 
atoms of the aromatic ring and those 
of the methoxylic group in anisole. 
Ortho and para positions account for 
about 3 of total tritium content, 


3 
regardless of chemical nature of irradi- 


ated compounds, while the para/meta 
ratio ranges from about | : 0-6 in the 
anisole to 1 : 1 in chlorobenzene and 
toluene and | : 4 for nitrobenzene. 
In the case of chlorobenzene, no 
significant difference was observed 
between the distribution attained in 
reactions performed in the homo- 
geneous vapour phase and in the 
presence of liquid chlorobenzene. 

In Table 4 are listed specific activities 
referred to millimole) of pure tritiated 
compounds, before dilution. 

The molar activity of each compound may 
be used, in a qualitative way, to evaluate the 
relative rate of the exchange reaction of 
chlorobenzene, nitrobenzene and _ anisole 
with tritium gas. 

From ‘Table 4 it is apparent that the 
molecular activities attained are almost 
independent of the chemical nature of the 
substituent group in compounds irradiated 
in the liquid phase. 
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TABLE 3 


Compound Position 


ortho 
meta 
para 


Chlorobenzene* 


ortho 
meta 
para 


Chlorobenzeney 


ortho 
meta 
para 


Nitrobenzene* 


ortho 
meta 
para 
methyl 


Anisole* 


Activity 


(c/mg atom H) Activity (%) 


a—b=9 


‘9 
1/2(2b + ¢ — 2a) = 6-4 
= 6-2 


a <S 


d—e= 


1/2(2e + f — 2d) = 


d—f 


* Irradiation in the presence of liquid excess (I g). 
+ Vapour phase irradiation. 


TaBLe 4. Specific activity of liquid phase irradiated 
compounds 


Specific activity of 
pure compound 
before dilution 

(mc/mmole) 


Specific activity of 
pure diluted 
compound 

(c/mmole) 


Compound 


Chloro- 
benzene 

Anisole 

Nitrobenzene 


The tritium exchange reaction results in 
the production of tritiated by-products, 
containing an appreciable amount of the 
organic radioactivity. 

The presence of comparable amounts of 
tritiated benzene was detected in all the 
irradiated samples. 

It seems reasonable to hypothesize that 
benzene might have been produced as a 


result of reaction of tritium gas with reactive 
intermediates resulting from the radiolytic 
breakage of chemical bonds between aro- 
matic ring and_ substituent group, as 
represented below 


~ 


¢ \ X ww K \—|4x 
\eee/ 


ra 


A similar reaction can explain the forma- 
tion of tritiated phenol, detected in the 
radiochromatography of crude labelled ani- 
sole. 


Acknowledgement—We wish to thank Prof. G. Graco- 
MELLO for extensive discussions on the subject of this 
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A Positron Cow 
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Short-lived Ga® can be prepared from its long-lived parent, Ge®*, thus providing a convenient 

source of positron-emitting activity for medical or other applications. Solvent extraction is 

used for the rapid separation of the gallium daughter and a method for the production of the 

germanium parent is given. A review of the usable positron emitters serves to underscore the 

advantages of the Ge-Ga® system. 

UNE VACHE A POSITRONS 

Le Ga® de courte vie peut se préparer de son antécédent de longue vie, le Ge®®, fournissant 

ainsi une source d’activité lancant des positrons, convenable aux applications médicales parmi 

autres. L’extraction a solvents sert a la séparation rapide du gallium généré et on présente 

une méthode de produire le germanium antécédent. Une revision des émetteurs utilisables 
de positrons sert a souligner les avantages du systéme Ge—Ga®., 
MCTOYUHUR WO38MTPOHOB 

hoporKomuBpyiit Ga®>, 1o.1y4eHHbii 13 WomromuByujero Ge Mover ObITh MCI0/Ib30BaH 

B KavecTBe VAOOHOPO MCTOUHNKA TO3HTPOHOB WIA MeAMIMHCKUX MW Apyrux weteii. Bicrpoe 

oTeTeHne TaIMA MpOMsBOAMTCA IlyTeM 9KCTparnpoBaHHA ero M3 pacTBOopa. OnncaH meTor 

HOYYeHMA MCXOAHOPO repMaHuA. OO30p IIpMMeHAeMBIX MCTOUHMKOB MO3MTPOHOB MOKasbIBaeT 
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mpeumMyiujecrBa CucteMbl Ge—-Ga 
EINE POSITRONEN KUH 

Kurzlebiges Ga®* kann aus der langlebigen Muttersubstanz Ge®* hergestellt werden, wodurch 

eine bequeme Positronen-Quelle fiir medizinische und andere Zwecke erhalten wird. Extraktion 

Aus der Lésung wird zur schnellen Abtrennung von Gallium verwendet und die Methode zur 

Herstellung der Muttersubstanz Germanium wird angegeben. Es wird ein Uberblick iiber die 

verwendbaren Positronenstrahler gegeben aus welchem die Vorteile des Ge-Ga®* Systems 


deutlich hervorgehen. 


INTRODUCTION 


One of the more sophisticated techniques to isotopes emitting only isotropic y-radiation. 


The limited availability and/or expense 
of suitable positron-emitting isotopes has, 
unfortunately, proven a serious handicap to 
this otherwise promising technique. ‘This, 
scan.) This procedure, which we refer to coupled with a high initial outlay for 
as annihiscopy, is based on the 180° correla- instrumentation has limited clinical evalua- 
tion of the 511 keV radiation arising from tion to relatively few institutions. Com- 
the annihilation of positrons with detection mercial preparations of two of the more 
by means of two opposing counters recording important isotopes, As?4 and Cu®4, have been 
only coincident events. Thus, concentrations of some encouragement, but contingent 
of positron emitters offer a type of “beamed” supply problems still exist. In an effort to find 
signal to search out which may offer some solution, the latest nuclear data have 
advantages over similar concentrations of been searched for more ideal source material. 


emerge from the wide variety of medical 
applications of radioisotopes in recent years 
is the localization of certain intercranial 
lesions and tumors by the so-called positron 
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TABLE 1. Positron-emitting isotopes 


Isotope T B+/dis 
Group I* Cu 12-8 hr 0-19 
As4 17-5d 0-28 
Group II As"? 26 hr 0-30 
As? 62 hr 0-34 
Zr 79 hr 0:25 
Mn* 57d 0-33 
Rb*4 34d 0-22 
Na”? 2-6 y 0-90 
Group III Nb?®° 14-6 hr 0-40 
ee 15 hr 0-50 
Br’® 17 hr 0-44 
Co5 18 hr 0:70 
Sr83 33 hr 0-50 
Nid? 36 hr 0-53 
Ge®® 40 hr 0-36 
| emi t-5 d 0-30 
Vas 16:2 d 0-57 
Cos 72d 0-15 
Co5* 77d 0-17 


Coincident 


: Commentt 
y-rays, (MeV) 


Best produced 


None Cu® (n, y 1) (6 
0-595 Ge*4(p, n 1) (2 
0-835 Ge?2(p, n 1) (2 
0-175 Ge??(p, 2n) 1) (2 
0-913 Y®9( pb, n l 
1-45, 0:94, 0-73 Cr**(p, n) by 
0-89 Sr86(d, x 3 
1-28 Meg?4(d, « 3 
2:20, 0-142, 1-13 Zr®9( p, n ye 
1-08, 1-93 Sr8°(p, n) 3) (5 
0-55, 0-64, 1-20 Se7®(p, n 3) (5 
0-47, 0-94, 1-41 Fe5®(p, 2n 1) (5) (2 
None Sr84(p, pn dy. 3) 2 
None Ni®8(p, pn 7) (4) 
None Ga®? p,n } (2 
0-603 Te!4(p, n (3) (2 
0-99, 1-32 Tit8(p, n (1) (5 
0-805 Ni®8(n, p 1) (6 
0-845, 1-24 Fe®®(p, n tL) (3 


* Class + Comments 
Group I—currently used (1) Production rate good 5) Excessive y-radiation 
Group II—tested on limited basis (2) Other isotopes of same Z may be present (6) Pile produced 
Group III—yet to be evaluated. (3) Production rate poor (7) Low specific activity. 


Positron emission is exclusively a property 
of the neutron-deficient nuclides. In addi- 
tion, there is a further requirement that 
there be an excess of 1:02 MeV of energy 
available in the unstable nucleus for the 
production of the particle itself, otherwise, 
decay must proceed by orbital electron 
capture. Even with sufficient energy, the 
capture process (¢) competes to a greater or 
lesser extent with positron emission (/*) 
depending upon the character of the transi- 
tion. Such criteria limit significant positron 
emission to a relatively few isotopes. 

In our survey, additional specifications 
have been adopted such that the ratio, /*/e 
be greater than 0-1 and that the half-time be 
greater than 12 hr in order to draw attention 
only to those isotopes of truly practical 
interest. The few nuclides that meet such 
demands are listed in Table 1, classified 
with respect to degree of use. 


(4) Gives rise to radioactive daughter. 


POSITRON EMITTERS 


Note that these radioisotopes are, with 
two exceptions, produced only by accelerator 
reactions. This infers considerable expense 
and intermittent availability to those not 
blessed with access to a cyclotron. 

In considering the listing of Table 1 for 
brain tumor annihiscopy, it should be 
remembered that chemical properties may 
also pose some limitations. Also, it would 
seem advisable to avoid excessive y-radiation, 
such as in Mn**, where coincident y- 
rays could complicate the counting pro- 
cedure. 

Copper-64 is attractive from the stand- 
point that it can be produced in a nuclear 
reactor although a flux in excess of 10% 
n/cm?/sec is necessary to provide material of 
sufficient specific activity to avoid chemical 
toxicity. The versenate (EDTA) has been 
shown to localize quite well on some brain. 
tumors.'?) However, the 12 hr _ half-life 
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requires careful scheduling of patients and 
production and results in the loss of so much 
activity during shipment, that, in practice, 
the expense is not insignificant. 

The cyclotron-produced isotopes possess 
advantage in that transmutation reactions 
give specific activities so high that chemical 
toxicities are negligible. Arsenic-74 is par- 
ticularly attractive in that the 17-5-day half- 
life lends itself well to the storage of material 
for anticipated cases. Production in a high- 
current proton accelerator is reasonably 
good. The ratio, /*/e is not too favorable 
and hence millicurie amounts are needed to 
conduct an examination. ‘Thus, material 
costs remain a dominant economic factor. 


Existing cyclotrons are, at best, tempera- 
mental machines which cannot be expected 
to perform in the constant manner of nuclear 
reactors. Furthermore, a sizeable fraction of 
time is devoted to physics research which 
generally has priority over isotope produc- 
tion. A program designed around the use of 
positron emitters produced by accelerators 
must then be prepared for occasional periods 
of drought. 

From these comments, it becomes at once 
clear that annihiscopic techniques may be 
expected to remain virtually a curiosity 
unless some solution to the material problem 
can be found. 


DECAY CHAINS 


In the course of our review, attention was 
drawn to several relationships involving a 
long- or medium-lived parent and a short- 
lived positron-emitting daughter. Such a 
system at once suggests the possibility of a 
“positron cow’ wherein by chemical separa- 
tion, material potentially suitable for anni- 
hiscopy may be made available as needed 
while the parent isotope was retained for 
‘““orowth”’ and future use. A continuous and 
inexpensive supply of positrons could thus 
be assured at any location. 

The system, germanium-gallium-68, 
appeared to offer considerable promise and 
has been the subject of our investigation. 


Germanium-68 decays with a half-life of 


about 290 days solely by orbital electron 
capture to Ga®*, The latter decays primarily 
by the emission of positrons to stable Zn® 
with a half-life slightly over 1 hr. The decay 
chain can be represented as in Fig. 1. 


290 days Ge % 
4 


7 
Pf 
7 € 


ec 4 
68min Gay” 


2 mc* 


: 
AY 
nde 
3 
1:08 y| / 


Stable Zn®8 
Fic. 1. Simplified decay diagram of Ge-Ga®®, 

In order to assess the feasibility of utilizing 
the Ge-Ga*®* system, production and separa- 
tion procedures have been devised. The 
radioactive properties of Ge®’ have also been 
investigated. Clinical findings will be 
reported elsewhere. ‘* 


EXPERIMENTAL 


(a) Production and separation of Ge® 

The activity was produced by bombard- 
ment of gallium with 20 MeV protons. The 
target material was contained in a water- 
cooled capsule support which reduced the 
energy of the incident particles to about 
16 MeV. 


Germanium-68 results from the (p, 2n) 
reaction on the 60-2 per cent abundant 
isotope, Ga*®®. Large quantities of 40-hr 
Ge®® were also produced by the (fp, n) 
reaction and the targets were allowed to 
decay two weeks prior to work-up to avoid 
unnecessary exposure. Some 12-day Ge 
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may be expected, but this decays by electron 
capture directly to the ground state of Ga7! 
and is hence of no significance. 

The separation of the Ge®® was accomp- 
lished by distillation of volatile GeCl,. The 
distillate was extracted with CCl], and the 
activity returned to an aqueous phase. The 
latter was neutralized, evaporated, and the 
product recovered as magnesium orthoger- 
manate, Mg,GeQ,. 

Recovery of Ge®® from the irradiated 
target was estimated to exceed 95 per cent. 
The final product was radiochemically pure. 


From the quantity, a production rate of 


about 2 mc/mahr (for the conditions of the 
bombardment) was obtained. ‘This is in 
agreement with prediction’? and _ other 
(p, 2n) yield data. 


(b) Separation of Ga*® from Ge® 

Excellent separation of these isotopes was 
effected utilizing the anion-exchange pro- 
cedures described by Kraus and _ co- 
workers’*), Unfortunately, the time con- 


sumed performing the elution steps represents 
5 


a sizeable fraction of the 68-min half-life of 
the Ga*® so that practical efficiency is low. 
Further, the germanium must be handled in 
strong hydrochloric acid solution in which 
it is appreciably volatile. Finally, additional 
processing of the recovered gallium was 
required for the preparation of an injectable 
solution. 

For the rapid separation and subsequent 
work-up of Ga®* a solvent-extraction pro- 
cedure proved more applicable. The reagent, 
acetylacetone'®), well known to the analyst, 
was found to extract the carrier-free activity 
from a very slightly acid solution of the 
germanium with a_ separation factor 
approaching 10°. By proper selection of 
solvent, it became possible to return the 
product to an aqueous phase of 0-1 N HCl, 
from which an isotonic, injectable prepara- 
tion could rapidly be made. 

The solvent extraction system employed 
utilizes an organic phase consisting of 25% 
(v/v) of acetylacetone in cyclohexane. The 
behavior of Ga®* therein has been evaluated 
and the data graphically presented in Fig. 2. 

Note that at pH 4-5, D, the concentration 


The distribution of gallium in the system 25% 
and water have 


Fic. 2. 
(v/v) acetylacetone:cyclohexane 
varying pH. 


of Ga®® in the organic phase divided by 
that in the aqueous phase, is 5-5. Yet at 
pH 1, D is reduced to 0-04. Hence, using 
equal phase volumes, contact at the higher 
pH will transfer about 85 per cent of the 
gallium activity to the organic layer, 96 
per cent of which can be returned to an 
aqueous phase of 0-1N HCl. Germanium 
does not react although precautions should 
be taken to prevent mechanical contamina- 
tion. Directions for the separation and 
preparation of an injectable form of Ga* 
are given below. 


Reagents 
1. Ge® solution buffered to pH 4-5 in a volume of 
about 10 ml 
. 25°% v/v acetylacetone in cyclohexane 
3. N/10 HCl 
. Gallium chloride 10 mg/ml 
5. Na-EDTA 50 mg/ml, pH 7 
9. N NaOH. 


Equipment 
1. 2-50 ml stoppered centrifuge tubes (extractors) 
2. Hot plate (pre-heated) 
3. Sterile filter (prepared). 


Procedure 
1. Add 20 ml of 25°% acetylacetone to the Ge® 
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contained in a 50 ml centrifuge tube and shake 
vigorously for 1 min. Allow to clarify 2 min. 

. With a 20 ml volumetric pipet, withdraw as 
much of the (upper) organic phase as possible 
and transfer to second extractor through a 
funnel loosely plugged with dry cotton (Note 1). 

3. Add 10 ml N/10 HCl and shake vigorously for 
1 min. Allow to clarify very briefly. 

. With a 10ml pipet, withdraw the (lower) 
aqueous phase and transfer to a 50 ml beaker. 

5. Add 1 ml gallium carrier, 1-0 ml of N NaOH, 
1 ml of EDTA, heat (Note 2) to near boiling as 
rapidly as possible. A clear solution should 

result. 

filtering 


Pass sterile 


apparatus (Note 3). 


through a_ prepared 


. The cotton will adsorb small droplets of aqueous 
phase containing Ge®® that may be suspended 
in the organic solvent. 

2. The formation of the 


gallium versenate 


complex is slow at room temperature. Heating 
also tends to remove some of the dissolved 
organic solvents by volatilization. 

. By rapid working, it is possible to recover for 
injection about 70 per cent of the equilibrium 
amount of Ga®, 


(c) Properties of Ga® 

The half-life of separated Ga**® was 
followed and found to be 67:7 + 0-3 min, in 
agreement with earlier reports. 

The presence of the 1-08 MeV y-ray was 
verified by using a scintillation spectrometer. 
Additional y-rays of Ga®* recently reported 
by Horen‘” are not sufficiently abundant to 
be of significance. 

The ratio /*/dis of Ga®* has been measured 
and found to be about 0-90. Hence, 1/3 mc 
would provide as many positrons as | mc of 
As74 although some allowance would have 
to be made for the more rapid decay. 


SUMMARY 


The difficulties and inconveniences asso- 
ciated with the production and use of posi- 
tron activities have been reviewed. As an 


alternative, a potentially valuable source 
of short-lived positron activity residing in 
the decay chain Ge—Ga*® has been described. 

Methods for the production of Ge*®* have 


been investigated as well as separation 
procedures for rapidly isolating the short- 
lived daughter, Ga®’. For brain tumor 
examinations, Ga-EDTA has been suggested 
since the Cu®* complex is known to localize 
reasonably well. The properties of gallium 
are such that numerous opportunities for 
chemical variation exist. 

Admittedly, because of low production 


rate, Ge®’ remains relatively expensive. This 
is more than offset by the convenience and 
useful life of the material as a source of 
positrons. Efficient operation with 2 mc 
would provide several doses per day of Ga® 
for a considerable period of time. On such a 
basis, the cost of the dose per patient becomes 
negligible. 

It is worthwhile to note that nature has 
not provided many y-emitting parent— 
daughter relationships with which to work. 
The properties of Ge-Ga® are optimum and, 
in fact, unique. It would thus seem that 
use may also be found in industry when 
short-lived tracers are required. 
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A new simplified and quantitatively reproducible method for the liquid scintillation counting 
of Cl4 and H? in small volumes of plasma is described. Equal volumes of plasma and 5N KOH 
are mixed and heated; 0-2 ml of this mixture is dissolved in 18 ml of a 30°% (v/v) methanol in 


toluene counting solution. 


LE GOMPTAGE DIRECT A SCINTILLATION LIQUIDE 
DU PLASMA ET DES TISSUS 
Une nouvelle méthode simplifiée et de reproductibilité quantitative pour le comptage a 
scintillation liquide du Cl4 et H® dans de petites quantités de plasma est ici présentée. On 
échauffe un mélange du plasma avec un volume pareil de KOH a 5N; on fait une solution de 
0,2 ml de ce mélange dans 18 ml d’une solution a comptage contenant 30°% (v/v) de méthanol 


dans le toluéne. 


FRA TRUE CHMATHALIAUMOHHBIE CUETUWRM JIA USMEPEHUWA 
ARTUBHOCTH TJIASMbI Wo TRAHET 
OnncaH HOBBIt yIpOMmeHHbit MeTO IpMMeHeHHA *RUKUX CIMHTIIIAWMOHHBIX CUeTUMKOR 
aa onpefetenua CM nw H Bp HedoubuiMmx OObeMax TWwa3Mbl, WalwouuMit BOCMpOMsBOAUMBIe 
KOIMYeCTBEHHbI€ pesyibTaTbl. CMecb U3 paBHbIxX KOMYeCTB Ma3sMbBl uw 5 MW ROH nogzrepraw1 
HarpeBy. 0,2 MJ Takoli cmecu pa3sBozqAT B 18 MI 30-lpomeHTHoro (10 OObeMy) pacTBopa 
MeTaHOTa B AKMLKOM TOYOe, IpuMeHAeMOrO B CuYeTUMKe. 


DIREKTE MESSUNG VON PLASMA UND GEWEBE IN 
FLUSSIGEM SZINTILLATOR 
Eine vereinfachte neue und quantitativ reproduzierbare Methode fiir fliissige Szintillator- 
messungen von C und H? in kleinen Plasmamengen wird beschrieben. Gleiche Volumen 
von Plasma- und 5 N KOH werden gemischt und erwarmt. 0,2 ml dieser Mischung werden 
in 18 ml einer 30°%% (v/v) Methanol-Toluol-Zahlflissigkeit gelést. 


Tue liquid scintillation counting technique 
for the direct measurement of radioactivity 
in serum and plasma has been difficult 
because of the lack of solubility of protein in 
toluene, which is the solvent most commonly 
used. Previously, plasma has been extracted 
with a suitable solvent and added to toluene 
or ethanol-toluene for counting. Whole 
plasma has been counted also as a suspension 
in toluene-thixcin gel after being lyophi- 


95 


lized. The suspension counting, however, is 
not accurate for the determination of total 
activity since the low energy /-emission 
arising inside the individual particles is 
quenched to a varying degree and the 
particle size differs from one sample to 
another. 

CHEN”) has recently described a liquid 
scintillation technique for counting C!4 and 
H? in plasma utilizing the complexing 
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ability of the quaternary ammonium base 
Hyamine. The complex is added to an 
ethanol-toluene solution and the degree of 
quenching assessed from a recount after the 
addition of an internal standard. The 
present paper describes a simplified and 


accurate method for liquid scintillation 
counting of these isotopes in plasma and 
tissues which are treated with a strong base 
to render the proteins soluble in a methanol- 
toluene solution. 


APPARATUS 


The Packard Tri-carb Liquid Scintillation 
Spectrometer was used. The temperature of 
the counting chamber was maintained at 
—4°C. For the determination of H? activity, 
voltage Tap 7 (1150 V) and pulse-height 
discriminators 10-60 V were used; for C4, 
voltage Tap 4 (900 V) and discriminator 
setting 10-70 V were used. All samples 
were placed in the freezing chamber for at 
least 1 hr before being counted. 

The counting solution used in _ these 


experiments was 0-3°% (w/v) diphenyloxazole 
(DPO) in 30% (v/v) methanol in toluene. 
Eighteen ml of this solution were pipetted 
into counting vials of 22 ml capacity 
(Wheaton, low potassium). A toluene H$ 
standard was diluted in 30% (v/v) methanol 
in toluene to give 293,000 dpm/ml and a 
benzoic C!4-acid standard was similarly 
diluted to give 10,460 dpm/ml. These were 
used as internal standards. 


PREPARATION OF THE SAMPLE 


One ml of 5N KOH was added to 1 ml of 
plasma, and the mixture was heated in a 
water bath at 60° for 15 min. A 0-2 ml 
aliquot of the mixture was added to the 
counting solution (DPO-methanol-toluene), 
gently shaken and then counted. 

The plasma—base mixture was miscible in 
toluene—methanol solution even without 
preliminary heating. However, under these 
conditions a slight turbidity was generally 
observed within a few hours. No turbidity 
was ever noted after the heated plasma—base 
mixtures were added to toluene—methanol. 
Heating of the sample did not result in loss 
of H® activity. 


The above technique was used to study 
the absorption and excretion of H°*-labeled 
tetracyclin after oral administration to 
human subjects. Tritium (H*) activity was 
measured in both plasma and urine samples. 
Urine (0-2 ml) dissolved directly in the 
counting solution without pretreatment. 

The efficiency of counting tritium was 
3-5 per cent when an internal standard was 
added to the counting solution. The addi- 
tion of 0-2 ml of plasma~-KOH mixture 
resulted in reduction of counting efficiency 
to 3-1 per cent. Table 1 shows the standard 
deviation of counting under various condi- 
tions. 


TABLE | 


Number of : : , 

Counting mixture 

samples 

1 ml Toluene H? standard 

1 ml Toluene H® standard 
+ 0-2 ml KOH-plasma 

1 ml Toluene H® standard 
+ 0-2 ml KOH-plasma 


(1) 10 
(2) 10 


(3) 14 


Aliquots of one sample of plasma 


Sie hotiec> Standard deviation 
Conditions 2 
of counting (°%) 


Control + 1-10 
+ 1-28 


Duplicates from 7 different blood 1-81 
samples taken during one day 

from a single subject 

Duplicate samples taken from 5 + 2-94 


(4) 10 1 ml Toluene H® standard 


+ 0-2 ml KOH-plasma 


subjects 
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Approximately 300 counts/min above 
background have been measured from 0-1 
ml of human plasma at the peak activity 
after the oral administration of the labeled 
tetracyclin containing 1-9mc H® activity. 
This method was 8-10 times as sensitive and 
also less variable than the gel-suspension 
procedure under comparable conditions. 
These two observations suggest that the 
quenching of the f-emission from tritium 
contained in a gel-suspension is marked. The 
small decrease in counting efficiency after 
the addition of the KOH-plasma mixture 


is in agreement with the observations of 


Davipson"’ who showed that pH changes to 
the basic side did not produce significant 


quenching. The mechanism of solubility of 


plasma protein under these conditions is not 
fully understood; however, it is probable 
that both pH changes and hydrolysis are 
important factors. 

This technique has also been used to 
determine H* and C"* activity in tissues. The 


tissues were lyophylized and dissolved at 
70°C in 20 ml of 5N KOH per g; 0-2 ml 
aliquots were added to 18 ml of the counting 
solution. 

Rats were given either 50 wc H*-labeled 
tetracyclin or 15 wc C!4-labeled tripalmitin 
by stomach tube and killed three hours later. 
Ten mg portions of lyophylized stomach, 
ileum, heart, lung, liver, abdominal muscle, 
adipose fat and skin contained up to 
3,600 counts/min above background for H?. 
Similar samples contained up to 5,000 
counts/min above background for C!4. The 
efficiencies of counting H* and C!* varied 
widely from tissue to tissue, depending upon 
the intensity of the final colour of the counting 
solution. The efficiency of counting C!4 was 
24-2 per cent when an internal standard 
comprising C!4-labeled benzoic acid was 
added to the counting solution. 
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ABSTRACTS OF PAPERS PRESENTED AT THE CONFERENCE 


Dosage in the Treatment of Hyperthyroid- 
ism I'*!, Comparison of Radiation Ab- 
sorbed Dose of Therapeutic Dose with 
What was Predicted from the Tracer 
Measurement. YusArRoO ANNO, ‘TORAO 
MurRAKAMI, MasAAkt Hara and AKIHISA 
TAKEsHITA, Department of Radiology, Tottori 
University School of Medicine. 


The dose of I'*! in the treatment of 
hyperthyroidism should be expressed in 
terms of radiation absorbed dose in the 
thyroid. The authors studied the pre- 
dictability of radiation absorbed dose, 
measuring its uptake and effective half-life 
after therapeutic dose as well as tracer dose. 

Forty-four patients were investigated and 
to each case therapeutic dose was given 
within one month of the examination by the 
tracer dose. In the analysis of the data, the 
comparison of rad of the therapeutic dose 
with that of the predicted dose was per- 
formed in the entire series, as well as in the 
two separated groups; clinically severe 
group A) and clinically moderate or mild 
group B). 

The radiation absorbed dose of a given 
dose in the thyroid is a function of its 
maximum uptake and effective half-life of 
I'31, assuming a constant weight of the gland. 

Maximum uptake of the therapeutic dose 
was, on the average, 8-4 per cent greater than 
that of tracer dose in the entire series, while 
in group A 14-5 per cent and in group B 
7-1 per cent greater than the latter. In 27 
per cent of all the cases, maximum uptake of 
the therapeutic dose was coincident with 
that of tracer dose, in 43 per cent greater and 
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in 30 per cent smaller than the latter. In 
group A, maximum uptake of the thera- 
peutic dose was coincident only in 12:5 per 
cent, greater in 62-5 per cent and smaller in 25 
per cent of cases, while in group B it was 
coincident in 30-6 per cent, greater in 40-6 
per cent and smaller in 27-8 per cent of 
cases. 

Effective half-life of the therapeutic dose 
was, on the average, 10-2 per cent further 
prolonged than that of the tracer dose in the 
entire series, but 21-6 per cent and 7-6 per 
cent further prolonged in group A and group 
B respectively. In all the cases effective half- 
life was not changed in 34-1 per cent of 
cases, prolonged in 38-6 per cent and 
shortened in 27:3 per cent of cases. In 
group A, it was not changed in 25 per cent 
prolonged in 62-5 per cent and shortened 
in 12-5 per cent of cases, while in group B, 
it was not changed in 38-9 per cent pro- 
longed in 33-3 per cent and shortened in 
27-8 per cent of cases. 

Rad of the therapeutic dose was, on the 
average, 15 per cent greater than the pre- 
dicted dose in the entire series, while it was 
47 per cent greater in group 4 and 8 per 
cent greater in group B. In about 25 per 
cent of all the cases, rad of the therapeutic 
dose was coincident with predicted dose and 
greater in about 55 per cent of cases. In 
group A it was greater in 87-5 per cent and 
smaller in 12-5 per cent of cases, while in 
group £# it was coincident in 31 per cent, 
greater in 47 per cent and smaller in 22 per 
cent of cases. 

The above-mentioned facts should be taken 
into account at the dosage of I'*! in the 


treatment of hyperthyroidism, especially 
with regard to severe grade. 

Average dose of I'*! in single dose of 27 
cured patients of hyperthyroidism with 


diffuse goitre was about 7000 rads (4-4 mc). 


I'3! Thyroid Uptake Calibration Survey in 
Japan. Hrrorake KAkeut, IsAo WATANABE, 
Hirosnr TANAKA and Kenji SAEcusa, Depart- 
ment of Radiology, Chiba University School 
of Medicine. 

Thyroid uptake calibration has recently 
been in relatively wide use in our country 
as one of the methods for testing the function 
of the thyroid gland. However, the results 
obtained are not always considered to be 
entirely satisfactory. ‘To evaluate the 
results clinically, it is necessary to examine 
the accuracy of the measuring method itself. 

We used a manikin containing mock- 
iodine in the thyroid gland for survey in 
about thirty laboratories and hospitals in 
the Kanto and Kansai districts. The 
manikin was manufactured at ORINS 
Medical Division, Oak Ridge, Tenn., U.S.A. 
by Dr. M. Brucer. The true answer of the 
thyroid uptake is 57 per cent. But as the 
results of our survey we got answers ranging 
from 44 to 81 per cent. The factors of the 
error are considered as follows. 

(1) When the radioactivity in the body is 
measured from outside, the spectrum of y- 
rays will be degraded by the absorption and 
scattering of the human body. 

(2) To measure the standard source the 
y-ray spectrum should be the same as that 
from the human body. Therefore a phantom, 
which will give almost the same spectrum as 
that from the human neck, should be applied 
for thyroid uptake measurement. In general 
such a phantom is not yet widely used in our 
country for calibration. 

(3) It is difficult to get a correct answer, 
if the scattered rays which enter into the 
detector are not sufficiently eliminated. 

(4) Problems of collimators. 

(5) The size and shapes of the standard 
sources. 

(6) Distances of the measurement. 

With regard to the points mentioned above 
the results were criticized and discussed. 
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The best answer is obtained when the 
y-spectrometer and the good phantom 
are used. However, by the use of scintilla- 
tion counters or G.M. counters without a 
spectrometer, good results may be obtained, 
if the scattered rays are eliminated by lead 
filters or by discriminators. 


Consideration about Excretion of I'®! 
Administered for Gonad Exposure Dose 
on the Tracer Test. Hineo Ire, Kenji 
TAKESHITA, SHIGEAKI OKAMURA, JUNNOSUKE 
Matsuoka and Hirosut Katayama, Depart- 
ment of Radiology, Faculty of Medicine, 
Kyushu University, Fukuoka. 


Recently radioactive iodine (I'*!) has 
come to be very frequently applied in clinical 
areas, but gonad exposure is becoming very 
important from the point of view of genetics. 

In order to investigate this problem, we 
made a formula of the gonad exposure dose 
of the I'%! administered person, and cal- 
culated that dose experimentally, measuring 
the I'*! content in fractionally collected 
urine and its retention time in the bladder. 
Then we tried to complete our formula 
comparing the experimental results. 

(1) Derivation of gonad exposure dose formula. 
Excretion of I'*! belongs to the exponential 
function, but, after about 30 hr, as taking 
logarithm of time to abscissa, we write 
excretion dose curve. Summation of areas 
of the parts of oblique line concerned with 
gonad dose gives this total area E as; 


ee oe ee yi Ne 
EB = aX. (log = - (log 7 


( 3\3 n 
+ {log eee og 
sad on — | 


where Y, is I'*! excretion dose at X,, X, 
lig t,, and zm is frequency of excretion 
equal intervals. 

On the other hand, Ic of I'*! is equivalent 
to 0-231 r/hr at 1 m (in air), then assuming 
the gonad-to-bladder distance 8cm and 
gonad diameter 2 cm, luc of I'*! as a point 
source is equivalent to 4-147 10-2 mr/hr 
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). Fixing the value of ¢,, to 24 hr, Dg,, 
gonad dose about for 24 hr is: 


(in air). 


D = 4-147 x 10-? Emr (in air). 


(2) Experimental data from the fractional 
collection of urine. Collecting urine fraction- 
ally after the administration for 5 days, and 
comparing it with the standard by scintil- 
lation counter, we estimated its I'*! contents 
and then calculated gonad dose through its 
retention time. 

We have treated 30 cases to date but the 
values of their gonad doses are much 
different according to the excretion dose and 
frequency of excretion. Namely, the maxi- 
mum gonad dose was 86-2 mr/24 hr (in air), 
and the minimum was 0-8 mr/24 hr (in air). 

3) The corrections about the volume of 1}*1 
source and the absorption coefficient of y-rays. 
Practically I?! is not a point source and y- 
rays are absorbed and scattered in tissues, 
but the former correction is less than 10 per 
cent for about 0-4 MeV y-rays at 8cm in 
water, and the latter is complicated and is 
treated as a build-up factor. For these 
problems we tried an experiment with a dip- 
type G.M. counter, and obtained the 
correction factor on the whole. Namely: 
dose (in water) = 1-16 x dose (in air). 


On the Serum-Protein Pattern of I'*!. 
Horyt Torrorr and Motroyuki KikKawa, 
The Second Tokyo National Hospital. 


The serum protein of the hyperthyroidism 
patient was investigated by the electrofilter- 
phoretic method with pH 8-6 Barbitale 
buffer. In patients with hyperthyroidism, 
increase of %,- and «,-globulin and decrease 
of albumin were observed. ‘These phenomena 
were more significant in cases which showed 
higher uptake rate of I'%! in the thyroid 
gland. When the thyroid uptake rate of I!*! was 
less than 45 per cent only increase of «,- and 
%»-globulin was observed, and on the other 
hand by cases having higher thyroid uptake 
rate more than 45 per cent increase of both 
a- and y-globulin was investigated. ‘The 
considerable increase of y-globulin was also 
seen by cases of strumitis. In cases of hyper- 
thyroidism having long anamnesis the increase 
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of - and y-globulin was significant. When 
the I'*! treatment showed good responses on 
cases of the hyperthyroidism, the increase of 
albumin and the decrease of «- f-, and y- 
globulin were observed, and their value 
amounted approximately to the normal 
range. Twenty-four hours after administra- 
tion, the radioactive protein bound iodine 
was localized to «-globulin band as a single 
stripe. This indicated the possibility of its 
bonding with a single group of proteins. No 
characteristic difference was observed be- 
tween normal and hyperthyroid or malignant 
struma status, but their values were different 
dependent upon the function of the thyroid 
gland. 


On Thyroid Functions Using I'*! and Its 
Relation to the Ovarium. = ToicuHi 
Kurimoto, Uyeda Internal Department, 
Medical School, Tokyo University. 

By using I'#! to measure thyroid functions 
in biological tests and clinical cases, I have 
noticed close relationships between the 
functions of the ovary and the thyroid, and 
wish to report on my new discoveries as to 
the cause and treatment of hyperthyreosis. 
To use I'*! for measuring thyroid functions 
is a simpler method as compared with the 
former BMR, PBI, and moreover much 
easier even in biological tests. 

(1) Biological tests. Rats used in these 
tests had both sides of the ovarium cut out 
from the back, killed 1 hr after an injection 
of 15 mc of I'8!, by depleting the blood from 
carotid, after which the thyroid glands were 
taken out. 

(i) effect of castration on thyroid glands. 
Thirty days after castration, thyroid 
functions showed some subsidence as 
compared with the untreated group. 
On the other hand, 72 days after 
castration, the castrated group showed 
some acceleration as compared with the 
untreated group. Since then, even on 
the 100th day, the thyroid functions of 
the castrated group had more accelera- 
tion than the untreated ones. 

(ii) Effect of follicle hormone on thyroid glands. 
Intramuscular administration of Est 
benz 0-2 mg every 2 days for a period of 
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30 days after castration caused con- 
spicuous thyroidal subsidence as com- 
pared with those not so administered 
for 30 days after castration. 

From this I realized that castration has a 
tendency to cause hyperthyroidism and that 
such acceleration can be reduced by using 
follicle hormones. 

(2) Clinical results. Each of about 20 cases 
of ovarian dysfunction, including amenorr- 
hoea and menstrual irregularity, showed 
hyperthyroidism and an increase both in the 
intake ratio of I'3! and BMR. Also, in more 
than 10 cases of hyperthyreosis large ad- 
ministration of follicle hormones produced 
dramatic and conspicuous results, with 
marked decreased intake of BMR and [!*!, 
In this case it was accompanied by a relief 
of goitre and an improvement of clinical 
symptoms. Next, as to the relation between 
the rate of intake of I'*! in hyperthyreosis 
and the gonadotropin hormones excreted 
in the urine during 24hr, there is not 
necessarily a parallel between the two, 


but many of the cases were noticed to have 


a large excretion of follicle stimulating 
hormones. Five of these cases were given 
intramuscular injections of 10 mm estradin 
depo every 14 days, with the result that 
after several months of treatment, all showed 
decreased excretion of gonadotropin stimu- 
lating hormones in the urine. 

(3) Summary. (i) Animal tests have shown 
that castration causes hyperthyroidism but 
this can be improved by administration of 
follicle hormones. 

(ii) Clinically, thyroid functions are 
noticed to accelerate in ovarian dys- 
function cases where it also increases 
the excretion of gonadotropin hormones 
in the urine. I have found that these 
can be relieved by improving the 
thyroid functions by means of a large 
administration of follicle stimulant 
hormones. 

(iii) Castration or ovarian dysfunction 
accelerates the pituitary, stimulates the 
secretion of GA TSH and accelerates 
thyroid functions, which I believe can 
be improved by the administration of 
follicle hormones. 


101 


(iv) The above facts have become avail- 
able for the first time by using I'*! for 
measuring thyroid functions. 


Study of Digestion and Absorption on 
Diarrhoea by Use of Radioisotopes; 
Especially following Gastro-intestinal 
Surgeries. Susumu NAGASAKI, TERUO KurR- 
AISHI, MicuH1o ARIMA, ‘TSUNEO NAKAGAMI 
and Masaaki Kosuisu, Nakayama Surgical 
Department, School of Medicine, Chiba 
University. 

At the 2nd Conference on Radioisotopes 
in Japan, the authors reported the results of 
the application of radioisotopes to the study 
of digestion and absorption following gas- 
tro-intestinal surgeries. 

At this time, the same method was applied 
on diarrhoea induced by different types of 
purgatives and gastro-intestinal surgeries. 

Diarrhoea in this study was defined as 
consisting in excrements which contained 
more than 85 per cent water but no relation 
with its frequency. 

Inorganic radioisotopes, radio-labelled 
protein and fat were used as indicators, and 
the methods of labelling and details of the 
test were described in the paper previously 
read. 

Rate of digestion and absorption on 
diarrhoea induced by purgatives affecting 
the small intestine, such as castor-oil, 
showed marked decrease down to approxi- 
mately 50 per cent and food given with the 
indicators discharged within a few hours, 
passing rapidly through the whole digestive 
tract. 

On the other hand, diarrhoea induced by 
Phenowalinum or 20 per cent magnesium 
sulphate solution, purgatives which work on 
the large intestine, showed little influence 
on digestion and absorption except that of 
water and mineral salts and less reduction 
of passing time through the whole intestinal 
tract. 

From the statistics at Nakayama Surgical 
Department, diarrhoea following  gastro- 
intestinal surgeries occurred frequently in 
the following order: subtotal colectomy, 
extensive resection of the small intestine, 
resection of the lower oesophagus and the 


102 


cardiac portion of the stomach and total 
gastrectomy. 

_ Diarrhoea after total gastrectomy showed 
generally impediment in digestion and 
absorption with wide range from the least to 
a marked degree. 

Extensive resection of the small intestine 
was mainly performed on dogs. Resection of 
the half intestine did not develop continued 
diarrhoea regardless of its removed part. 
Two-third resection developed diarrhoeainall 
cases which continued for about one month, 
and the digestion and absorption, especially 
tolerance of fat, was markedly impaired. 

In all cases of subtotal colectomy where 
diarrhoea occurred, however, there was no 
significant impairment of digestion and 
absorption rate in fat and protein except 
water and mineral salts. 


Study on the Analysis of Haemodynamics 
Using Radioisotopes. Hipeo UEeEpDa, 
Haruo KamepA, Masanrro Iio, TAapao 
Unuma and Ryozo OxKapa, The Second 


Department of Internal Medicine, University 


of Tokyo, Faculty of Medicine. 


The use of radioisotope as the means of 
analysis of haemodynamics in various diseases 
has many advantages. This method can be 
applied without causing any distress or risk 
to the patients even in very severe cases and, 
if necessary, can be repeated at adequate 
intervals. Recently the authors devised an 
improved method for external counting and 
recording of y-rays in co-operation with the 
Institute of Physical and Chemical Research. 

(1) Recording instruments. Studies of this field 
are usually performed using the counting rate- 
meter. Though this method of recording is 
convenient, it is difficult to demonstrate rapid 
haemodynamical changes with accuracy 
for the following reason: if the time constant 
is minimized to get a rapid response, the 
indication becomes very unstable, and if the 
indication is stabilized, the time-lag between 
recording and phenomenon is increased. 
Moreover, this method is inadequate to know 
the real count per minute. The newly 
devised recorder dissolved these disadvan- 
tages. This recorder picks up one pulse from 
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the scaler every 100 counts and records it on 
the paper moving continuously at a constant 
speed (l cm/sec). The characteristics of 
this recording method are as follows. 

(i) Rapid change of radioactivity is ac- 
curately figured without time-lag, by 
converting frequency of pulses at every 
moment into counts per minute. 

(ii) Radioactivity is continuously recorded 
not in rate but in real counts on the 
paper. 

(i1) Multichannel recording is _ easily 
utilised and changes of radioactivity 
from many parts of the body can be 
compared. 

(iv) In addition, collimator and _pulse- 
height analyser are used to remove the 
radioactivity from neighbouring organs 
and scattering y-rays. 

(2) Results. (i) Analysis of the hepatic arterial 
and the portal blood flow. In the previous 
study, the authors determined the 
hepatic arterial and the portal blood 
flow separately by the method of 
catheterization using T-1824. Recently 
applying various radioisotopes to normal 
subjects and cirrhotic patients, we found 
increase in the ratio of arterial to portal 
flow to be in the latter. 

(ii) Evaluation of hepatic blood flow. Usually 
hepatic blood flow (by Au!®§ method) 
has been calculated by the disappear- 
ance rate of radioactivity at the 
periphery. The authors measured it by 
the 2-channel recording equipment and 
calculated K; (accumulation rate in the 
liver) and Kp (disappearance rate at 
the periphery). In normal condition K; 
equals Kp, but does not in severe cardiac 
failure or marked splenomegaly. In 
the latter cases Kp cannot be regarded 
as an index of hepatic blood flow. 
Finally our method is useful because of 
its accuracy in estimating the effects 
upon the hepatic blood flow of various 
medicines and manipulations in patients 
or experimental animals. 

(iii) Other haemodynamical studies. Moreover 
this method is used to measure cardiac 
output and to detect abnormal shunts in 
congenital heart disease. 
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Hepatoscintigram. TAKkEHIKO TsucHIYA*, 
Hrronao Momort and Masaaki Kasuimat. 


Clinical applications as well as model 
experiments have been carried out on the 
hepatoscintigram with Au!%8_ radioactive 
colloidal gold, and up to the present about 
150 cases have been examined by this 
method. For 8 cases the scintigrams were 
obtained with I'*!-labelled Rose Bengal 
manufactured in our country and they were 
compared with the scintigrams using Au’; 
the cases which were examined by means 
of autopsy, operation or laparoscopy, 
amounted to about 50. 

300 we of Aul®§ were intravenously 
administered and a scintigram was obtained 
approximately after 30 min. With Rose 
Bengal the same amount was intravenously 
injected and scintigrams were made after 
10 min and | hr respectively. Model experi- 
ments and clinical experiences showed that 
with present method and apparatus a liver 
tumour of more than 5 cm in diameter can 
be diagnosed correctly. For liver tumour 
(cancer or abscess) more than 5cm in 


diameter the scintigram could give the same 
findings as that obtained on autopsy, or 


operation. However, multiple metastases 
as big as pea size could not be diagnosed. 
Also in most cases of Morbus Banti, spleno- 
megaly was visualized by the scintigram with 
Au!*’, Comparison of the method by radio- 
gold with that by I!*!-tagged Rose Bengal 
showed almost the same rate of decrease of 
blood activity, but at the same dose of 300 uc 
and in the same conditions of operation, 
images on the scintigram were clearer in the 
case of radiogold than the other. However 
in some cases radiogold scintigram gave a 
defect to the lower portion of the right lobe 
which was found to be the gall-bladder by 
the Rose Bengal method. Au!%* has the 
advantage of giving the scintigram of spleen, 
while Rose Bengal having a short biological 
half-life reduces the radiation dose delivered 
to the liver and the image of the gall-bladder 
can be obtained at the same time. 

We can conclude that the hepatoscinti- 
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gram enables us to diagnose liver tumours or 
abscesses, especially their localization and 
size. ; 


Liver Function Test with Radioactive (I'*!- 
tagged) Rose Bengal. Kun-icu Huisapa, 
MasAO KakisHITA, HrrosHt KAwWANIsHI and 
Sapao Micuu, Department of Radiology, 
School of Medicine, Kanazawa University. 
Since Department 1958 Radioactive 

(I48!-tagged) Rose Bengal produced by 

Daiichi Pure Chemicals Co. has become 

available to us, an attempt has been made to 

evaluate clinical usefulness as a liver function 
test. 

Method. Approximately 20 uc of 
Rose Bengal were injected intravenously as 
rapidly as possible. 

(a) Measurement of liver area: the lead 
collimated scintillation detector was position- 
ed on the right mid-line of clavicle, over the 
upper margin of the liver, as determined by 
percussion. The scintillation tube was con- 
nected with a rate-meter and a recording 
instrument which made a continuous record 
of y-ray from the liver. The I'*!RB curves 
obtained were analysed according to the 
next three points, namely, as to liver uptake 
of I!RB, (1) 10 to 2 min ratio (2) maximum 
uptake time and on the excretion of I'3!RB, 
(3) our original formula adopted was, 


pi31 


, i / S 
: y log ¢ < 100 per cent/min. 
K: I'8!RB excretion rate which indicates 

speed of I'*!RB excreted through 
the bile ducts. 

T,, T,: Arbitrary time (min) respectively 
after maximum uptake time. 

A,, A,: Activity measured at 7}, 7%, time. 


(b) Detection of changing levels of dye in 
the blood was made by the external counting 
at the head. The head was chosen since it 
has a large and stable vascular supply being 
located at a distance from the accumulations 
of dye in the abdomen and provides excellent 
testing reproducibility. Blood level half- 


* Department of Radiology, Faculty of Medicine, University of Tokyo. 
+ Okinaka’s Clinic, Faculty of Medicine, University of Tokyo. 
+ Tasaka’s Clinic Faculty of Medicine, University of Tokyo, Tokyo Teishin Hospital. 


104 


time was studied. It was the period in which 
levels of dye in the blood reduced to half 
that of 2 min value. 

(c) In some cases, when necessary, the 
scintillation detector was placed on the left 
lower abdominal quadrant and tested an 
appearance of I}*!RB into the duodenum, 
jejunum. 

(d) In 3 to 4hr after the injection of 
I?31RB external counting of gallbladder was 
done and excretion curve examined after 
the administration of gall-bladder con- 
traction medicament. 

(e) Furthermore, comparison of sensitivity 
of the radioactive Rose Bengal test and 
Bromsulphalein test was made with use of 
the rabbit poisoned by the administration 
of carbon tetrachloride. 

Results. (a) Normal values of liver function 
test with I?*4RB were (1) 10 to 2 min ratio 
1-6 or more, (2) maximum uptake time 
within 30 min. (3) I'*4RB excretion rate 
more than 0-6 per cent/min and there was 
clear difference between patients with normal 
liver function and injured one. 

(b) Blood level half-time was less than 
20 min in normal cases. 

Articles (c) and (d) are now under investi- 
gation. 

(e) As with the rabbit, carbon tetra- 
chloride was not detectable with BSP test, 
impairment of liver function was discovered 
with the help of I*4RB test. It is obvious 
I/3!RB test is more sensitive than BSP test in 
indicating liver function. 

From the above-mentioned results, use- 
fulness of I?*!RB in the liver function test is 
manifestly established and results of 100 
cases or more will be reported at this 
conference. 


Study on the Pulmonary Circulation Using 
Radioisotopes. Hirosui SAsamorto, KryosuH1 
Hosono and Hipeo Arikawa, Department of 
Internal Medicine. 


The measurements of the pulmonary 
circulation time and the pulmonary blood 
volume (blood volume contained in the 
lungs) are very important in the study of 
pulmonary circulation. It is, however, very 
difficult to determine them accurately under 
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the condition relatively close to the physio- 
logical condition. 

In the usual methods, the dye or the other 
indicator is infused into the main pulmonary 
artery through the cardiac catheter and the 
blood samples are taken from the peripheral 
artery. Accordingly, the pulmonary circu- 
lation time measured by the usual methods 
denotes the circulation time from the pul- 
monary artery to the peripheral artery. 

Consequently, the real pulmonary circu- 
lation time and the real pulmonary blood 
volume can not be determined by the above 
method. 

In order to eliminate this defect, radio- 
isotopes (I181,Na?#) were employed, and the 
radiocardiogram was recorded by a scintil- 
lation counter and a rate-meter. 

The healthy persons, the patients with 
coronary disease (angina pectoris and myo- 
cardial infarction) and with pulmonary 
diseases (emphysema, fibrosis, tuberculosis 
and bronchial asthma) were selected in our 
experiment. They were kept in the supine or 
sitting position, and the head of the scintil- 
lation detector was placed over the pre- 
cordium. I'*! or Na?4 was injected as fast as 
possible into the cubital vein, and the radio- 
cardiogram was recorded by the rate-meter 
and recorder. The two upward waves (R 
and L) appeared in the radiocardiogram 
indicating the time of arrival of the radio- 
isotope in the right (R) and left ventricle (L) 
respectively. 

The interval between the two waves, “R 
to L time’’, denotes almost the real mean 
pulmonary circulation time. The pulmonary 
blood volume, calculated from Stewart’s 
formula using this mean circulation time, 
might be considered to represent the real 
blood volume contained in the lungs. 

In the healthy subjects, ““R to L time” 
was about 4-9 sec and the pulmonary blood 
volume was 400 cm*/m?. In the cases of 
pulmonary diseases and coronary heart 
diseases without any incidence of congestive 
heart failure, ““R to L time” was within 
normal limits. But, in the patients with 
congestive heart failure, prolongation of 
“R to L time” and increase in the pulmonary 
blood volume were observed. 
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In the cases of coronary heart diseases, it 
is worthy of notice that “R to L time’ was 
almost within normal limits at rest, but it 
was markedly prolonged during mild exer- 
cise and mild anoxia test. In the coronary 
patients with the signs of congestive heart 
failure, decrease in cardiac output and 
prolongation of the pulmonary circulation 
time were observed, which indicated the 
disturbance of pulmonary circulation. 

In the cases of coronary heart diseases not 
accompanied by congestive heart failure, ““R 
to L time” was almost within normal limits 
at rest and it was prolonged during mild 
exercise and mild anoxia test. ‘This indi- 
cates that they are in the precongestive phase. 

The average value of “R to L time” was 
4-9 sec in the healthy subjects and much 
shorter than the so-called mean pulmonary 
circulation time of 10 sec. 


Renal Function Test with Radioisotope 
(Radioisotope Renogram). TAKESHI 
Minami*, Ko Anpo*, ToyoHer MAcHIDA*, 
Kazuomit NAKAHARAT, SHIGEO Horret and 
SacHio Mocuizvukit. 


Oeser in 1952 first initiated the radio- 
isotope for the purpose of renal function test. 
In 1955 Taplin and Winter put this into 
practical clinical use But, in Japan, we 
have not seen any report of this kind as yet, 
and we are the first to report on this renal 
function test by radioisotope. 

This test method is called the Radioisotope 
Renogram. We labelled the I'*! on diodrast, 
and with this we have carried out our 
research. [1%!-diodrast was injected intra- 
venously 4:0—4-5 wc per 10 kg body weight. 
Measurement was made externally at the 
point of kidney, and at the upper region of 
the ureter. By this procedure we were able to 
understand the conditions of renal function, 
with regard to the excretion and passage. 

From this method we have made studies 
on 8 animal cases and 135 clinical cases. Of 
the clinical cases, there were the normal 
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kidney, nonfunctioning and/or absent kidney, : 
various types of hydronephrosis, renal tuber- 
culosis, tumour of the kidney, wandering 
kidney, pyelitis, nephritis and hypertension. 

Various other laboratory tests were also 
carried out with this Radioisotope Renogram 
and were analysed accordingly. The PSP 
test was carried out on 30 cases to make 
comparative studies with the Radioisotope 
Renogram, and we obtained very interesting 
results. Also, with nephritis and hyper- 
tension patients, comparison was made with 
PAH test. We can conclude from the results 
that this clearance test and the Radioisotope 
Renogram is closely related. 

From our data we noticed the following 
characteristics, that is, the Radioisotope 
Renogram when compared with the previous 
methods, excels them in the reduction of 
time, and there are no side-effects. More- 
over, there is no need or necessity to prepare 
the patients for this particular purpose. The 
Radioisotope Renogram is especially suited 
to clarify the difficult pathological findings, 
as was not possible previously. 

Furthermore, with this same apparatus we 
have tried to examine the vesico-ureteral 
reflux by the cord bladder or the contracted 
bladder which was formerly done with X-ray. 

This test can be done much more easily 
with this RIRG method rather than by 
X-ray diagnosis. 


Study on Diagnosis of Cancer of the Cervix 
with the Use of P. Hayami Fujimori, 
Fumio YAMADA, SHIGEKAZU MAEDA and Isao 


Kawal, Department of Obstetrics and 
Gynaecology, The Osaka City University 
Medical School. 

It has been observed that nucleic acid and 
phosphorus metabolism in cancerous tissue 
are accelerated compared with non-can- 
cerous tissue. Based on this fact, a new 
method to determine the localization of 
cancer of the cervix was established by the 
authors by using P. The author’s method: 

P of 2-4c per kg of body weight in the 
form of NaHPO with 10 of 5% glucose 
solution was administered into the femoral 
artery, simultaneously pressing the distal in 
order to let the administered P get to the 
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uterus directly without unnecessary circu- 
lation around the whole body following the 
intravenous or intramuscular administration 
of P. This method may be called a retro- 
grade administration of P. Following this, 
a small halogen tube 3 cm in diameter and 
15cm in length, designed by the authors, 
was employed to detect cancerous lesion of 
the cervix by measuring radioactivity of the 
cervix and of the normal vaginal walls after 
3 hr following the retrograde administration 
of P as stated above. The ratio of the counts 
per minute of cancerous or non-cancerous 
lesion of the cervix to that of the normal 
vaginal wall was calculated and expressed 
by the percentage, assuming the radioactivity 
of the normal vaginal wall to be 100. 

The results obtained by means of the 
author’s method indicate that a lesion of the 
cervix may be diagnosed as cancer with a 
significant difference as compared with other 
lesions so far as the ratio of the cervix to that 
of the normal vaginal wall is over 120 per 
cent. This method was employed to diagnose 
cancer or suspected cancer of the cervix of 
about 80 women and the diagnostic accuracy 
obtained was 80-90 per cent as compared 
with colposcopic, Papanicoloaus and _histo- 
logical diagnosis examined simultaneously. 

In other words, the present author’s 
method by retrograde administration of P 
and using a smal] counter with a small 
halogen tube may be used for giving an 
accurate and speedy diagnosis of cancer of 
the cervix. 


Studies on the Water Metabolism with 
Heavy Water asa Tracer. (Third Report.) 
TosHio TAKAI, KAzuo Matsumoto, MASANA 
Nakal and SHiorcur Sucino, Department of 
Paediatrics, Osaka City University Medical 
School. 

For the purpose of studying mechanism 
of water balance the author administered 
heavy water to infants with oedema and 
exsiccosis and measured total body water, 
turnover rate and biological half-life. 

The results obtained are as follows: 

The turn-over rate of the infants with 
oedema was observed to be slower than that 
of the normal. The biological half-life of the 
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heavy water was observed to be long and the 
total body water was estimated to be about 
60-80 per cent. 

With the patients having exsiccosis, the 
body water was small, the turn-over rate was 
higher and biological half-life shorter. 


Characteristics of Small Curiage Therapy 
Unit. Hisajr Fukatrsu and Sumio Makino, 
Tamagawa Factory, Tokyo Shibaura Electric 
Co., Ltd. 


(1) The quantity of therapy units with 
Co®® is increasing nowadays. The greater 
part of these units are teletherapy units. But 
such units are not always suitable for all 
patients because of the difficulty in position- 
ing or their long SSD which does not give 
enough dosage. These phenomena are 
inevitable in conventional systems which 
adopt the system combined container and 
irradiator. 

We have produced a unit where the source 
(Co®°) is stored in a separate place and is 
transferred between container and irradiator 
by compressed air. By this method, no 
unnecessary radiation is received by an 
operator during the patient positioning. 
After positioning the source is transferred to 
be near the tumour, so that a patient is not 
required to endure an abnormal position. 
We study the characteristics of this unit. 

(2) Dose received by an operator: The 
Co®°-source is usually stored in the container 
and can be placed at the corner of the 
treatment room, so that the distance between 
an operator and the container can be 
changed at will for it is necessary to provide 
a barrier between operator and container. 
In any case, it is very easy to keep the dose 
received by an operator at minimum level. 
Therefore, the operator can position the unit 
to the patient quite safely. 

(3) Dose-rate in the room (received 
leakage dose to patient) during source- 
transferring. The necessary time of source 
going and returning is about 3—4 sec when 
the distance between container and irradiator 
is 10m. In the case where source is 100 c 
Co®®, the received leakage dose to patient 
during source transferring is about 80 mr, 
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so it is negligible as compared with the 
received dose to patient during treatment. 
(4) Leakage dose to 1 per cent of main 
beam. This value follows NBS regulation. 
(5) Conclusion. The difficulties in con- 


ventional therapy units are almost solved. 


On the Qualitative Change of the Gamma- 
Ray Emitted from the _ Telecobalt 
Apparatus. Susumu Morikawa*, Ikvo 
KimurA* and KatsuHIKO YAMADAT. 


The y-rays emitted from the telecobalt 
apparatus are probably contaminated by the 
Compton’s scattered radiations from the 
source itself and collimator and by the 
Compton’s electrons recoiled by the Co®® 
y-rays. The object of our experiments was to 
ascertain the degree of these contaminations. 
We obtained various attenuation curves 
experimentally under good geometrical con- 
ditions and broad beam conditions. The 
attenuation filter materials used were lead, 
copper, aluminium and pressed wood plates. 
These were used to examine the influence of 
the scattered radiation from the filter on the 
attenuation curves. The ionization chambers 
used were the Victoreen chamber for high 
energy radiation, the chamber for high 
energy radiation of the Philips’ Universal 
dosemeter, and the bakelite or lead wall 
thimble chamber. We used these chambers 
to examine the influence of the chamber 
wall on the attenuation curves. At the same 
time the model experiments were carried out, 
using the above stated instruments and a 
thin wall chamber to detect the electrons’ 
contaminations. Also we examined the 
inverse square law by changing the field size 
and the detecting instruments. 

From these experiments and considera- 
tions of the geometrical arrangements of the 
collimator or diaphragm, we concluded as 
follows. The qualitative change of the y-rays 
emitted from the telecobalt apparatus may be 
greatly influenced by the relative arrange- 
ments of the collimator, diaphragm and 
measuring position. Especially the influence 
of the collimator may be regarded as being 
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the highest. Multi-scatter radiations in the 
source itself may not greatly influence the 
y-ray quality. 

From our experiments on electron con- 
tamination, in which we detected electron 
emissions from the Co®® container by 
observing the potential change of the 
electron acceptor with mV meter, and from 
the attenuation curves obtained by the thin 
wall chamber, we have decided the effective 
energy of the emitted electrons. 


Effect of Co Irradiation Combined wiih 
the Administration of Heavy Metals 
upon the Experimental Tumour, Hayami 
Fujimori, Fumio YAMADA and = SADAO 
TERAMURA, Department of Obstetrics and 
Gynaecology, The Osaka City University 
Medical School. 


This investigation was undertaken to 
see the effect of heavy metals and Co®? 
upon the experimental neoplasm. The 
following results were obtained: 

(1) Effect of Go®® and heavy metals upon the 
growth of subcutaneously implanted Ehrlich ascites 
carcinoma. ‘The carcinoma was produced on 
the back of mice by injecting ascites developed 
about 10 days after the implantation of this 
tumour into the abdominal cavity. Heavy 
metals used in this study are aurothoglucose 
oil suspension, arzenobenzol sodium water 
solution, basic trichlor-butyl malonic acid 
bismuth oil suspension and silver colloid 
water suspension. ‘These metals were in- 
jected into the neoplasm. Irradiation by 
Co®® was done by small source with the 
amount of 937 r or 1171 r. The size of the 
tumour was measured by taking the average 
length of the longest and the shortest 
diameter. Experiments were performed on 
5 separate groups: Group I—Co®® irradiation 
after heavy metal injection. Group II—Co®® 
followed by heavy metal injection. Group 
III—Co*® alone. Group IV—Each heavy 
metal alone. Group V—No treatment (Con- 
trolgroup). Tumour growth was first inhibited 
in Group I followed by Groups II and III. 
The least effection was in Group IV. At the 
same time, these tumours were examined histo- 
logically. 
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(2) Influence of Co®® and heavy metals upon the 
mitotic cells of Ehrlich ascites carcinoma. Healthy 
mice were inoculated with 0-1 ml Ehrlich 
ascites in the abdominal cavity. Ascites was 
aspirated 10 days after inoculation. Smear 
of new ascites developed in healthy mice was 
examined microscopically every 12 hr start- 
ing 4 days after inoculation. Heavy metals 
were injected subcutaneously into the subjects 
intraperitoneally. Heavy metals and Co®® 
were given only once respectively. Number 
and stage of mitotic cells were checked in 
each 5 groups. This again demonstrated the 
strongest inhibition of mitosis in Group I. 
Groups II and III followed this. 

3) Effect of Co®® and heavy metals upon the 
ecological aspect of Ehrlich ascites carcinoma 
(Study by phase microscopy). Ascites obtained 
in each of 5 groups 6 hr after inoculation was 
studied by phase microscope. It was noted 
in this study that Group I showed the most 
striking morphological changes in cytoplasm, 
nucleus and chromosomes. Groups II and 
III were in the intermediate and very little 
changes were seen in Groups IV and V. The 


above results point to the increased efficiency 
of Co®® upon Ehrlich ascites carcinoma by 
combination of heavy metals. 


Result of Telecobalt Therapy for Oecso- 
phageal Cancer. MHisAsHt YAMAGUCHI, 
SHIGEYUKI IsHIGAMI, TADAYUKI NoGucuI and 
TAtTsuAKI SAEGuUSA, Department of Internal 
Medicine, Research Institute for Microbial 
Diseases, Osaka University. 

Forty-three cases of oesophageal cancer 
were hospitalized at this hospital during the 
past 4 years and 3 months period between 
March 1955 and May 1959. 

Of these cases, 29 were treated with 
radical telecobalt. As a result, 9 cases are 
still alive. 

(1) Patients. (i) Sex: Male, 22; female, 

7 cases. 

(ii) Age: 40-49 age, 2 cases; 50-59 age, 

7 cases; 60-69 age, 12 cases; 70-79 
age, 9 cases. 
Individual cases by site: Cervical 
oesophagus, 2 cases; thoracal oeso- 
phagus, 26 cases; abdominal oesopha- 
gus, | case. 
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(iv) Lesions in length: less than 5 cm, 16 
cases; greater than 5cm, 13 cases. 

(2) Apparatus. K. K. Toshiba Type RI-T2 
(100C); K.K. Toshiba Type RI (300C). 

(3) Method of treatment. (i) Field of 
radiation: 2-10 field. 

(ii) Tumour dose: from 4200 r to 12000 r. 

(iii) ‘Total time: from 5 weeks to 8 weeks. 

(4) Complication. Although observations 
for radiation pneumonitis could not be made 
in all cases, in two cases, one treated with 
12000 r tumor doses in 9 weeks and the other 
with 12000 r tumor doses over a period of 
13 weeks, radiation pneumonitis was defi- 
nitely observed. Of cases treated with 6000 r 
in 5 weeks and 800 r in 7 weeks, radiation 
pneumonitis was not evident. 

(5) Result of treatment. (i) March 1955-— 
May 1959. Of the 20 cases that died, their 
length of survival averaged 13-5 months 
from first discovery of symptons and 7:6 
months after beginning of treatment. 

(ii) Dividing the 20 cases into two groups, 
one with lesions of less than 5 cm and 
the other with lesions of over 5 cm, 
those in the first group lived for an 
average of 14-1 months after dis- 
covery of symptoms and the latter 
group lived for an average of 11-6 
months. The length of survival after 
beginning of treatment was 7-6 months. 

(6) Summary. (i) Compared with con- 
ventional X-ray therapy, the results of 
telecobalt therapy are not epoch making, 
but when compared with Kiviranta’s results 
they prove that the method is much better. 
Naturally, the life expectancy is much 
longer than in Forber’s case. Compared 
with Greenwood, up to a period of 6 months 
telecobalt therapy prolongs life, but after 
6 months, the difference is reduced con- 
siderably. 

(ii) Further, there is a vast improvement 

swallowing. 

(iii) The ideal dosage is believed to be 
about 6000 r in 5 weeks. 

(iv) It is believed that 2 to 6 radiation 
fields, avoiding the lungs, are suitable. 

(v) Fleming advocates that in cases where 
lesions are over 5 cm, they should be 
treated palliatively because of the 
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possibilities of recurrences of lesions in 
other areas. Our observations also 
show that when lesions are more than 
5cm the life expectancy is much 
shorter. However, we feel that even 
in cases where lesions are more than 
5 cm, there is definite improvement if 
we treat them with cobalt and if the 
patient’s conditions are proper, radical 
treatment should be given. 
Telecobalt therapy for oesophageal 
cancer can be looked upon with much 
expectation. 


(vi) 


A Treated Report of Malignant Tumour 
with Cobalt-60 Multicurie Rotational 
Teletherapy. Osamu SeEkiGucHI and SATOMI 
YAMAMOTO, Department of Radiology, Cen- 
tral Railways Hospital, Japanese National 
Railways. 

In our hospital, since 1955 we have been 
applying cobalt-60 multicurie rotational 


teletherapy for the cure of various malignant 
tumours. 
Up to now, we have had 120 cases in 


which malignant tumours were cured or given 
effect, and the following features have been 
recognized. 

(1) This therapy is most successful in 
curing uterus cancer and mammary cancer, 
and the case of vesical tumour follows these 
in order. 

(2) In the case of rectal cancer, consider- 
able reduction of tumour is caused, and there 
have been some instances in which it was 
cured without making an artificial anus. 

(3) In the cases of pulmonal cancer, renal 
tumour and neoplasma of oral cavity, this 
therapy has considerable effect. 

(4) The burn on the skin caused by this 
rotational teletherapy is quite slight. Only 
small amount of diminution in number of 
leucocytes and erythrocytes has been recog- 
nized. 


On Results of Medical Treatment by 
Applying Much Co to The Last Grade 
of Malignant Cancers. Kozo WATANABE, 
Clinical Radiogenic Department Fukushima 
Rosai Hospital. 


I think it is very important to ascertain to 
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what extent Co®® is available for the last 
grade of malignant cancers. And I want to 
announce how Co®® is used in a local hospital 
to prolong man’s life. The following facts 
of the medical treatment are made public in 
proof of the fact that telecobalt has a 
marvellous effect on the treatment of cancers. 
The following examples are the cases that 
are too malignant to be operated. 

(1) Last grade cancers of stomach (9 cases). 
Two cases of fist-sized tumour of cancers, 
which could be palpated but not to be 
operated, were reduced gradually little in 
size of tumour and oppressive pain became 
less and less by the Co®® treatment. And 
then the patients were able to take solid food. 
Three other cases took favourable turns to 
some extent in their stomach symptoms and 
recovered again for a time. 

(2) Last grade cancer of oesophagus (7 cases). 
Three cases, which were so strangulated that 
they could not drink even a little water, were 
too malignant to be operated. But they were 
mitigated to take food hy Co®® treatment. 
The other three patients of stenosis were also 
improved and could take gruel food. 

(3) Last grade cancer in uterus (1 case). 
The patient could not walk and in her 
abdominal region a tumour, about the size 
of a child’s head, was present. It was a 
uterus cancer that had once been cured by 
an operation but formed a crateriform ulcer 
on the skin of the abdomen. But by Co®? 
treatment the large tumour almost disap- 
peared and the ulcer on the skin was also 
cured; the abdominal wall recovered to a 
smooth, normal skin. ‘This patient could walk 
soon and was released from hospital. 

(4) Last grade cancer in breast (1 case). The 
whole breast on the left side was ulcerated 
to the size of a great fist and made into a 
crateriform state. It could not be operated. 
But by telecobalt treatment, this large tumour 
was cured and the ulcer was also recured. 
This patient got well and was released 2 
years ago. It is a rare case of an operable 
breast cancer. 

(5) Last grade tumour in the head (5 cases). 
One case was sarcoma which had broken 
forth in the soft cranium. This sarcoma was 
about the size of a hen’s egg. By Co® 
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treatment, this tumour on the head was 
destroyed and disappeared, and 2 years have 
passed since this patient got well. ‘Two other 
cases were cancroid ulcerous tumour on the 
head with breaking cranial bone. These 
tumours were reduced and the corrosion of 
bone was brought to an end by applying 
Co®® treatment; these patients were out of 
danger and | year has passed since they got 
well. 

For the rest: malignant tumours of 
upper jaw (two cases, the one cancer and 
the other sarcoma); sarcoma of the larynx 
(one case); cancer of the lungs (three cases) 
—each was inoperable, the cancer being last 
grade. 

Each case got well and the patients lived 
on for some time by the Co®® treatment. 

From these results, it may be emphasized 
that the medical value of telecobalt treat- 
ment is evident. And I hope they will 
enlighten the people who doubt the results 
of radiant treatment with Co®® apparatus. 


Study on Ratio of Two Volume Doses of 
of Tumour and Total Body in the Case of 
the Internal Irradiation by Radio- 
isotopes. TapasH1 MryAKAwA and YuH 
Inno, Department of Radiology, Faculty of 
Medicine, University of Tokyo. 

Internal irradiation by radioisotopes is 

classified into the following three methods: 

(1) Implantation of Ra-needle and Rn- 
seed, (including Co®®-needle and Cs!8"- 
needle, etc.), 

(2) Radio-colloid therapy, 

(3) Internal irradiation by some specific 
radioisotope based upon their affinity 
for the particular tissue. 

The therapy, (3), is characteristic of radio- 

isotope therapy, but its practical application 

is limited. ‘The reason is the insufficiency of 
the concentration of radioisotope in the 
tumour. ‘That is, the ratio of the two volume 
doses (volume dose of tumour/volume dose 
of total body = 100° =) is small. In 
this viewpoint, & in (1) is calculated and on 
the base of it Rin (2) and (3) can be deduced 

(internal irradiation by radioisotope-colloid, 

thyroid cancer, hyperthyroidism, chronic 

leukaemia, polycythemia, etc.) 
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(1) The case of radvoisotope-needle. The 
calculation of volume dose of total body in 
this case is very difficult, and, therefore,we 
calculated it by modified Bush’s method. 
He obtained the volume dose under the 
condition that Ra is located at the centre of 
the cylinder. If we consider a cross-section 
of a body to be fan-shaped, the calculation 
of & (under the condition that the tumour is 
superficial) is easy. The volume dose of 
tumour is obtained from a table in the refer- 
ence. R = 12 per cent (volume of tumour 
2cm%, tumour is the end of the body), 
R = 6-2 per cent (2 cm’, the centre of the 
body), R = 6-6 per cent (5 cm, the end 
of the body), R = 3-4 per cent (5 cm’, the 
centre of the body 

(2) The case of radio-colloid. (1) Y°°-colloid 
—The maximum decrease of Y® colloid 
activity about 100 hr after the admini- 
stration is about 50 per cent. R 
becomes 73 per cent. When we 
consider the contribution of /-rays 
coming from the immediate vicinity of 
the tumour, R becomes about 65 per 
cent (under the condition that the 
radius of the tumour is 5 cm). 
Au?*8-colloid—Au!*8-colloid scarcely 
moves from the site of the injection, 
but the volume dose increases, because 
Au!%8 is a y-emitter. The calculation 
shows that R is about 100 per cent (if 
the tumour is localized at the extreme 
position of the body) and about 95 per 
cent (at the centre of the body). When 
we consider the contribution of /-rays 
a decrease of 10 per cent in R must be 
anticipated. 

The case of radworsotope which has a 
specific affinity for a given tissue. (1) [31 
(thyroid cancer)—We calculated R 
under the following three conditions 
(a) 20 per cent of medicated [#1 is 
taken up by thyroid gland and does 
not move from it. (b) The con- 
centration of I'%! taken up by the 
thyroid cancer is $ of the concentration 
of the normal thyroid gland. (c) I}! 
which is not taken up is distributed in 
the entire body and is discharged. 
(the effective half-life is 4-5 hr). The 


(i) 
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calculation shows R is about 10 per cent 
if the weight of the cancer is 5g. 

) P8* (chronic leukaemia)—The weight 
of the haematopoietic organ is 10 per 
cent of the weight of the body and the 
concentration of P®? in the haemato- 
poietic organ is 9-10 times as large as 
the other organs. We learned that R 
is about 50 per cent. 


Antitumorigenic Effects of Colloid Radio- 
isotopes on Yoshida Sarcoma. YoOsHITAKA 
NamBa, Obstetric and Gynecological Depart- 
ment, Medical School, Hiroshima University. 


Colloid radioisotopes (Au!*8-colloid and 
Cr**PO,-colloid) were used on rats having 
received the inoculation of Yoshida sarcoma, 
and anti-tumorigenic effects were evaluated, 
in view of the effects on the whole body and 
the local changes with regard to the ratio of 
tumour cells and cytology. Marked effects 
were recognized especially in lengthening 


of the life span. 


Fundamental Studies on Radiocolioid for 
the Treatment of Malignant Tumour. 
Kazuomt NAKAHARA, SHIGEO Horie, 
YosHryukI Hayasui, KAHEI NAGASE, YOSHI- 
SUKE ASAKAWA, MicHio IKEDA, YOSHIKAZU 
Kuropa, KatsuE Miyazawa, ‘T'suNAHISA 
Yoxor and Yukio Mocuizuxt, Tokyo Jikei- 
kai Medical School, Department of 
Radiology. 

When radiocolloid is injected into tissue, 
it is believed that part of it goes to the proxi- 
mal lymph nodes and that part appears in 
the blood. This spread into the lymphatics 
is most effective for the treatment of cancer, 
but according to the latest literature the 
amount of spread into the metastatic lymph 
nodes is so small that it is not so accountable. 
Pertaining to this dosage, there is a report 
by Sherman which still leaves some doubt 
as to its reliability. ‘The radioactivity in the 
blood is only a cause for a side-effect, but 
still there is no research on it systematically. 
We undertook this research for this very 
purpose of treatment of malignant tumour 
with radiocolloid. 

Rabbits were mainly used for these studies 
and radiocolloid was injected into the system 
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of the lymphatics of the back of the feet, 
which goes to the lymph nodes of the knee 
joint. Au? red colloid (Amersham) radio- 
colloid was used for this purpose and its 
average size was 10 mu. It must be noted 
that this particle is suspended in the gelatin 
solution. There was no ageing in the size of 
particle. For injection purpose, this was 
diluted to 10 mc/0-3 cm with normal saline 
and | mc was injected. 

(1) The uptake of lymphatics increased 
up to 12 hr after injection, but after that it 
showed no increase. 

(2) When the amount of injection was 
increased, the uptake of lymphatics increased 
in proportion to the amount of injection 
within the level of 1 mc/0-3 cm’. 

(3) The dilution for the maximum uptake 
of lymphatics for 1mec was 0-3-0-4 cm’, 

(4) There was no effect with reticulosis or 
with simultaneous administration of hyaluro- 
nidase with colloid on the lymphatic uptake. 

(5) The greater the specific activity of 
the colloid particles, the greater was the 
lymphatic uptake. 

(6) There was a change in time and 
amount of injection in the spreading in the 
lymphatics. 

(7) There was a double phase phenom- 
enon in the activity in the blood. 

(8) The uptake in liver increased up to 
3 hr after injection but after that there was 
a very small increase. 

(9) The uptake in liver was in proportion 
to the amount of injection. 

(10) There was no effect of specific 
activity of colloid as to the uptake. 

(11) There was no effect with reticulosis 
or with simultaneous administration of 
hyaluronidase with colloid on the liver 
uptake. 


Fundamental and Clinical Studies on 
Radiogold Concerning the Therapy of 
Malignant Tumour in Gynaecological 
Field. Hayami Fujimori, Fumio YAMADA, 
SHIGEKAZU MAEDA and Yo Kawal, Depart- 
ment of Obstetrics and Gynecology, Osaka 
City University. 

By the electron microscope, it has been 
determined that radiogold colloids used in 
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authors’ research were calculated in about 
1000 particles in 1 w~? of which | per cent 
was estimated to be 250A in diameter, 
150 A and the rest i.e. 34 per cent was 
50 A in diameter respectively. 

(1) To study the harmful and anticar- 
cinogenic effects of radiogold, rabbits were 
used in 5 groups. Radiogolds of 2 mc/Rg of 
body weight were administered subcutan- 
eously intramuscularly, intravenously, into 
abdominal cavity and into the genital con- 
nective tissue of these groups. Then changes 
in counts per minute of the urine and the 
blood and other organs, changes in the 
blood composition and _ histological states 
of various organs were observed. According 
to the results obtained, haemoglobin level 
decreased and counts per minute of the blood 
showed a peak 12—24 hr after the administra- 
tion. The counts per minute of the liver, 
kidney and spleen on the ninth day after the 
administration showed a high level in the 
group treated in vein and abdominal cavity. 
On the other hand, the counts per minute of 
the local tissue administered with Au‘%§ 
showed high level in other groups. Large 
amount of radiogold was recognized in the 
capsule of kidney, and the atrophy and the 
partial degeneration of the small uriniferous 
tubules occurred in the kidney. In the liver 
only slighter haemorrhage of intralobar ves- 
sels occurred. No other severe changes were 
recognized. 

(2) Ehrlich’s tumour was used for study. 
Radiogold was administered into the tumour 
immediately after the implantation of it on 
the second, fourth and sixth days. The after 
dosage for each group was 5, 10, 20 wc per 
one mouse. The implanted tumours of non- 
treated animals developed and the body 
weight decreased gradually, on the contrary 
the strong anticarcinogenic effect was con- 
firmed in the group administered with Au!%® 
immediately after the implantation. The 
effect was not so strong in the group treated 
with 5 wc on the sixth day after implantation. 
In the cases treated with 20 wc or more, the 
tumours reduced and body weight increased 
during 1-3 days after the injection of radio- 
gold. By histological examination the de- 
generation of nucleus, necrosis of the tissue 
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were recognized. No uptake of radiogold 
into the tumour cells presented. In some cases 
ascites was observed. By the radioautog- 
raphy the uptake of radiogold particles into 
the monocyte was observed. 

(3) Clinical experiences. Radiogold was 
administered into the parametrium of the 
patient with cancer of the cervix with urog- 
raphin to ascertain the localization of 
radiogold. Cancer cells in the parametrium 
administered with radiogold were found to 
be degenerated histologically. No radiogold 
particle was observed however in _ pelvic 
lymph nodes. 


Clinical and Chemical Studies of Yttrium- 
90. TapasHt MryAKAwa, YASUO YOSHIZAWA, 
AkIRA NAGATsUKA and Yuu Inno, Depart- 
ment of Radiology, Faculty of Medicine, 
University of Tokyo. 

We have reported previously on the clini- 
cal usefulness of radioactive yttrium colloid 
(YCI,%°), with especial emphasis on_ its 
being more economical than other colloidal 
radioisotopes. In the present work we have 
extended these observations. 

(1) Radiocolloidal properties of Y°°. (i) The 
colloidal formation of Y®° depends 
on pH of solution. The amount in 
the radiocolloidal form rises to 
maximum at a pH of 3-0. 

(ii) In spite of settling during 12 hr, the 
colloid is very stable. 

(iii) The formation of colloidal particle 
starts upon adjustment of pH and 
reaches to maximum after several 
hours. 

(iv) Below a pH of 1-0 all of the Y°® is in 
the ionic form. 

(v) The dilution of solution does not 
alter the radiocolloidal properties. 

(vi) The addition of gelatin does not 
alter the amount of radiocolloidal 
form. 

(vii) Colloidal Y%° absorbs cellophane 
membrane, and the amount of 
absorbed colloid depends on pH. 

(viii) In electronmicroscopic examination, 
following problems have been 
studied; (a) effect of pH, (b) change 
of colloidal particle due to setting 


during long period, (c) comparison 
with Au!®§ and Lu!”, 
(2) Clinical applications. (i) Intratumoral 
administration. The method of adminis- 
tration is simpler than other intra- 
tumoral radiation therapy. Radio- 
autographic observation indicated 
that dose distribution of Y®® colloid 
was uniform. Several patients who 
had malignant tumour were admini- 
stered Y%, and there were patho- 
logical changes which could be attrib- 
uted to radiation effects. 
Intracavitary administration. The patients 
who had intrapleural or intraperi- 
toneal effusion were administered 
intracavitary. There were clinical 
responses. It is important that radio- 
colloid should be distributed uniformly 
in cavity. The convenient method was 
studied. 
(iii) Intravenous administration. Leukaemic 
patient showed clinical response to 
colloidal Y°°. 
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Fundamental Studies and Clinical Experi- 
ences on the Lu!’’ Therapy.  Hisao 
YAMASHITA, SADANORI IGARI and Yu Ino, 
Radiology Department, the Japanese Founda- 
tion for Cancer Research. 


Lu!”"Cl, taken into the human body as 
aqueous solution combines with protein 
and others and turns itself into colloidal 
state. As Lu!’? has an adequate half-life for 
medical use, 7’ = 6-7 days, several funda- 
mental studies have been made to ascertain 
its clinical use, and clinical administration 
for the treatment of several patients has 
already been experienced in our hospital. 
Results of these are explained in this reports. 

(1) Experimental studies. (a) The distribution 
of Lu”? in the body. Intravenous injec- 
tion of Lu!’’C], into the tail vein of 
rats was made at the rate of 1 wc per 
1 g body weight and autopsied at 
certain time laps. Organs were ex- 
amined histo-pathologically and auto- 
radiographically to observe the distri- 
bution of Lu!’ and its action. The 
deposition of Lu!’? was found highest 
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in the liver, followed by the spleen, 
and the kidney, lung, lymph node and 
intestine in order. The peak of the 
uptake was reached 3hr after the 
administration. By histopathological 
finding Lu!”’ was found mostly in star 
cells of the liver, in red pulps and 
lymph follicles of the spleen; which 
showed in granular or needle shaped 
crystal. 

Intracavital injection of Lu!’ into 
the abdomen or pleura showed poor 
absorption of only about | per cent on 
the average and with rather wide 
variations. The absorbed Lu!” was 
likewise deposited in the liver and the 
spleen. 

By subcutaneous injection Lu!” 
mostly remained in the injected area 
or absorbed in the regional lymph 
nodes with but little distribution to 
other parts of the body. 

) Lu!” treatment on animal tumours. In the 
experiments of Ehrlich’s ascites tumour 
of mice, Yoshida’s sarcoma of rats and 
others, Lu!’ showed good therapeutic 
response as in the case of Au!%®, 
Experiments to determine the ade- 
quate dose of Lu'” for treatment were 


GS 


made. 
(2) Clinical experiences. Sterilized solution 
of Lu'’’Cl, had been applied to several 


patients with pleuritis carcinomatosa or 
peritonitis carcinomatosa. In the case of 
pleuritis, single administration of 10-20 mc 
of Lu!’? produced good clinical results, 
showing distinct degeneration of disappear- 
ance of tumour cells and decrease of pleural 
fluid and improvement over the general 
conditions of the patient. 

In the case of peritonitis, single admini- 
stration of 15-30 mc of Lu!’ brought about 
good clinical responses. 

With monthly injections repeated for two 
or three times, splendid results on the patients 
began to show. 

Intratumoral injections of Lu‘? were 
made in the cases of superficial tumours or 
metastatic tumours of the lymph node, and 
good results were also obtained. Clinical 


shrinkage of the tumour was seen, and by 
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biopsy degenerative changes and destruction 
of the tumour cells were observed. 


The Basic Study on the Radiocolloid 
Therapy. HiroTaKke Kakeni*, Isao 
WATANABE*, MasaAsHt MryAKet and Haruo 
SUGANOT. 


By experiments with the radiocolloids 
Au!®8 Lu!”?7_ and CrP?Q,, which are 
usually used in clinical therapy, the dis- 
tribution of radioactivity in mice and the 
relationship between __histopathological 
changes and radiation dose in tissue have 
been investigated. Also the physical charac- 
teristics of the colloids were compared with 
each other and discussed. 

For the present experiment, 307 mice were 
used injected with 1, 5, 15, and 30 we/g of 
Au!*8, Lu!”? and CrP#?O, subcutaneously, 
intraperitoneally and intravenously. Then 
1, 7, 14 and 30 days after the injection the 
mice were killed and the radioactivity in the 
tissues and organs and the histopathological 
changes of the tissues were examined. Also 
the radiation dose delivered to organs and 
tissues was calculated. 

The results obtained are as follows: 

1) By subcutaneous injection over 90 
per cent of the activity remains about the 
location injected. However, specific changes 
of the tissues were not found within the 
limits of the experimental conditions. 

(2) By intraperitoneal injection the ac- 
tivity, nearly 40 per cent, is transferred to the 
liver. As the remainings are left in the 
peritoneal cavity, damages of the epithelial 
cells of the intestinal tube are distinct, 
especially in the case of CrP®?O, injection. 

(3) In the group of intravenous injection 
around 90 per cent of the activity is taken up 
by the liver. Maximum dose of irradiation 
during one month is 95,000 rads, and changes 
such as degeneration and swelling of cells, 
were seen. On the other hand, the bone 
marrow which received doses of 2000-4000 
rads showed the picture of aplasia. ‘The 


* Dept. of Radiology, Chiba University School of 
Medicine, Chiba. 

* Dept. of Pathology, Tokyo University School of 
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difference in the radiosensitivity of organs 


was clearly seen. Compared with the 
damage caused by radiocolloids, CrP*O, 
gave the highest, and Au!%* the lowest 
changes, in case the same doses of radio- 
colloids were intraperitoneally or intra- 
venously injected. ‘These changes are de- 
pendent on the energy and half-life of the 
radiocolloid. 


Studies on the Treatment of Cancer with 
I'3! Combined Colloidal Oil and with 
Radioisotopes Absorbed in the Colloidal 
Ion Exchange Resin. Haruo Ezaki, 
Kazunort Aoki and KousAku SANADA, The 
Second Department of Surgery, Hiroshima 
University School of Medicine. 

Operation is considered to be the most 
important tool in the treatment of various 
cancers. It is, however, sometimes impos- 
sible to remove the cancer with its metastasis 
completely, because the metastasis is often 
invisible. Much attention has_ recently 
centred on the localized administration of 
colloidal isotopes on carcinoma, such as 
radiogold, radioyttrium and radiochromic 
phosphate. 

For the purpose of the present study, the 
effects of I'8! combined colloidal oil and 
radioisotopes absorbed in the colloidal ion 
exchange resin were studied. Fat in the diet 
is absorbed from the intestine into the 
lymphatic system, so I'8! combined with 
colloidal oil and injected interstitially around 
the cancer of the affected abdominal organ, 
will also be absorbed in the lymphnodes 
which are involved in cancer metastasis. 
With the colloidal ion exchange resin 
method, a preparation in the form of colloid 
of the isotope with appropriate energy and 
half-life, is available for administration for 
various Cases. 

Results obtained were as follows: 

(1) 18! combined with colloidal oil. (i) Satis- 
factory radiation was observed because 
this oil, injected interstitially, stayed 
in the site of injection for a long 
period of time. 

(ii) This was absorbed gradually into the 
regional lymphatic system. 

(iii) Administration into the abdominal 
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cavity may be effective in the treat- 
ment or in the prevention of peri- 
toneal implantation and lymphatic 
spread of cancer, because I'*! so ad- 
ministered stayed in the abdominal 
cavity for a long time and was 
absorbed into the lymphatic system. 
iv) This oil administered in mice with 
Ehrlich-ascites tumour showed radia- 
tion effects, such as a decrease in the 
implantation ratio, and the _ pro- 
longation of the life span. 
) Thyroidal uptake of I'%! could be 


prevented by the administration of 


Lugol’s solution. 

Radioisotope absorbed in colloidal ion 
exchange resin. (i) Absorption of P* 
and ['3! in colloidal anion exchange 
resin, Ambertie IRA-400, was ex- 
cellent. 

The major portion of this colloidal 
resin was localized in the site of the 
injection for a long time, so being 
absorbed into the regional lymphatics. 
This colloidal resin administered 
in mice with Ehrlich-ascites tumour 
showed radiation reaction character- 
ized by the inhibition of ascites and, to 
some extent, the prolongation of the 
life span. These facts suggest that this 
preparation is clinically effective for 
the treatment of cancer. 


Fundamental Studies on the External P**- 
Beta Irradiation Treatment.  [kuRO 
TatsuNo, Radiological Department of Kana- 
zawa National Hospital. 


In the radiation treatment of haemo- 
angioma and naevus pigmentosus with radio- 
phosphor (P%*), it is most important to 
irradiate the diseased area on the skin with 
the necessary dose homogeneously all over. 
The author has investigated various con- 
Th thor h tigated var 
ditions for obtaining homogeneous irradia- 

¢ 5S 
tion with P*? 
(1) Blotting paper of homogeneous density 


is to be used, because the inhomogeneity of 


blotting paper causes the difference of self- 
absorption of /-ray and for this reason is not 
adequate. Toyo filter paper No. 50 is most 
suitable in this respect. 


(2) In order to have the blotting paper 
contain the P**-solution homogeneously, 
the dipping method (the method of soaking 
the blotting paper with P**-solution) is 
found superior to both the dropping method 
and the method of dropping P*?-solution 
over the blotting paper 

(3) As blotting paper has its own saturation 
limit with water, the homogeneous P*?- 
distribution all over the blotting paper can 
not be obtained by soaking it with P®- 
solution of amount below the saturation 
limit. So when we should dip the paper into 
P32-solution, it is reasonable to fix the amount 
of P**-solution so that the amount may be 
over this limit and the homogeneous distri- 
bution of P®? can be got with the least resi- 
dual amount left after preparing P*?-paper. 
When using the Toyo filter paper No. 50, 
the amount of 50 mm? per | cm? of blotting 
paper is most suitable in this respect. (In this 
case, the residual percentage is 50 per cent. 

(4) Polyethylene is preferable as the cover 
of P®?-blotting paper. Cellophane causes the 
inhomogeneous filtration of /-ray due to its 
surface undulation and absorbs the /-ray 
more than polyethylene. 

(5) P?-solution is apt to accumulate in 
the peripheral part of blotting paper. (The 
dense region is 3mm in breadth.) ‘There- 
fore, the author cut out the blotting paper in 
the shape of the affected site on the skin, but 
in the size of 3 mm wider in all directions, 
soaked it into P*?-solution, dried it, and 
then cut off the peripheral part from it. 

(6) The author irradiated with the dose of 
1000 wc/hr per cm? (50 wc/cm? per 20 hr). 
The superficial and depth dose rate in this 
technique has been measured with the 
photographic method using film phantom. 
The superficial dose rate amounts to 5, 6 rep 
per hour per | wc/cm? of P*. 


The Topical Beta Ray Therapy for the 
Superficial Skin Lesions and Its Funda- 
mental Examination. YosHIHIKO KoGa, 
AkirA Kikucul, TATsuo TAKAHASHI, HIROsHI 
Isope, TosH1o Kato and TAKAO ‘TANAKA, 
Department of Radiology, Faculty of 
Medicine Tohoku University. 


For 5 years we have been trying to use 


116 


p-ray radiation in the treatment of various 
kinds of naevi. The methods and results of 
204 patients are as follows: A filter paper 
was immersed evenly with 3 or 4 mc of P® 
in a dish of vinyl chloride and dried. Then 
the paper was put in a vinyl bag, and 
attached on the skin lesions. Generally 
the activity of the paper was 10-30 uc/cm?, 
and the therapy was repeated with the 
interval of 5-8 weeks. 

On the treatment of naevi, the later per- 
manent pigment abnormality, teleangiectasis 
and skin process like the praecancer must 
not be produced. Therefore, we have given 
the reversible dose every time (so-called dry 
epidermitis dose). 

The results were evaluated into 4 groups of 
patients; unchanged, improved, almost 
healed and cured. 54 per cent of angioma 
simplex, 82 per cent of angioma cavernosum 
and 15 per cent of naevus pigmentosus 
belonged to the latter two groups of almost 
healed and cured. Particularly the last 
naevus pigmentosus was hard to cure. 
Among them, blue cases of naevus and 


naevus fuscocaeruleus ophthalmomazillaris 


were all unchanged. Angioma simplex: 
The group under 3 years of age showed high 
percentage of healing, and relation between 
age groups and the secondary reactions was 
not apparent. The healing was not con- 
cerned with the series of treatment, but the 
increase of series brought the secondary 
reactions easily. Angioma cavernosum was 
very sensitive and naevus pigmentosus. 

Experimental method. This experiment was 
tried to see how the dose distribution in the 
affected area would be, according to the 
size and the form of the P**-paper. In this 
experiment, we used P®?-papers of various 
P®? density and of various size. Using these 
P®*-papers, the X-ray films were irradiated 
with various doses through a phantom of 
soft paraffin and of vinyl. 

The irradiation doses in the various depths 
of the phantom were measured by means of 
densitometry of the blackened film exposed 
with P®?-paper. On the other hand, the dose 
distribution in the phantom was measured by 
scintillation counter. 

Experimental results. ‘The dose in the central 
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part of the irradiated field was found to be 
increased with the increase of the width of 
the P%*-paper. When the area of the P#?- 
paper was larger beyond a certain limit, the 
difference of the dose distribution between the 
central and the peripheral part became very 
remarkable; namely the dose in the periph- 
eral part is more reduced than that of the 
central part. 

This lack of homogeneous dose distribution 
was so troublesome for the clinical appli- 
cation that improvements in the application 
method of the P*-paper were eagerly 
expected. 


Our Clinical Experiences of Treatment 
with X-Ray and P*® to Leukaemia. 
Fumruiko Hosuino, AKIRA KiIkucHI, YOSHI- 
YUKI UrRusHryAMA, TATSUYA KURASHINA and 
‘TERUHIKO SHINOHARA, Department of Radio- 
logy, Faculty of Medicine, Tohoku University. 


Out of 14 patients with leukaemia, who 
were hospitalized in our clinic for the last 2 
years, 7 patients were studied for the present 
purpose. ‘They were treated with X-ray 
or radiophosphorus (P?). Three patients 
were chronic and treated with X-ray and 
p32. Four were acute types; one was 
treated with X-ray, another one with P®%?, 
and the remaining 2 patients were subjected 
to both of them. 

(1) Chronic leukaemia. Among 14 patients, 
3 only were this type and all were myeloid. 
Radiation-therapy was much effective and 
remissions occurred several times. 

Case 1: A girl aged 16 years. At the 
initial stage, she was treated with 
Nitromin and Urethane without any re- 
mission, then she was given X-ray and 
P%*-therapy and remissions occurred 
four times. Finally many megakaryo- 
cytes appeared in the peripheral blood. 
The total course: About 2 years. 

Case 2: A boy aged 4 years. He was 
treated with radiation-therapy only 
and survived for 5 years showing 
remissions 7 times. 

Case 3: A man aged 22 years. With 
radiation-therapy remissions —_ were 
repeated 5 times extending over 3 years. 
During the fifth admission P*? was 
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given more frequently. The blood- 
platelets increased enormously (1,000,000 
to 2,500,000/mm?) and many megakar- 
yocytes appeared in the _ peripheral 
blood. 

(2) Acute leukaemia: This type occupied 
11 out of 14 cases. Eight cases were myeloid, 
and the remaining 3 were undetermined. 
In almost all cases, remissions were tem- 
porary and occurred only once. 

Case 4: A woman aged 41 years. She 
was treated with P®? only. The first 
remission continued for 3 weeks, and 
the following remission was obtained. 
The lymphocytes number was almost 
constant throughout the full course, 
perhaps due to the fact that they were 
little affected by P*. 

Case 5: A boy aged 12 years was hos- 
pitalized with a systemic lympho-nodes 
swelling and showed no change in the 
peripheral blood. After the diagnosis 
of leukaemia, roentgen irradiation was 
given to the spleen, so leucocytes 
decreased and he lived a comfortable 


life temporarily. Total course: About 
1 year. 

Case 6: A man aged 23 years. He was 
hospitalized as a mediastinal tumour 
without change in the peripheral blood, 
but later on, it came to be known as an 
acute leukaemia. P*®* was given and was 


very effective. Leucocytes decreased 
and the disease was improved. ‘Total 
course: About 6 months. 

Case 7: A man aged 21 years. The 
leucocytes were almost blast cells, whole 
body irradiation was given daily 10r 
for 3 days continuously, then leucocytes 
decreased very rapidly (from 200,000 to 
1200) within 5 days and he expired. 
Total course: About 3 months. 


Radiation Treatment of Thyroid Cancer. 
Hirosu1 TsunEMoto, Department of Radio- 
logy, National Hospital, Kanazawa. 


In the last 3 years, we have dealt with 9 
cases of thyroid cancer, with distant metas- 
tasis, against which radioactive iodine (I'**) 
has been found effective. In these cases, 


combined therapy with Co®® irradiation has 
been resorted to. 

Age and sex of cases. As to the sex, only one 
of the 9 cases is male, and the ages of cases 
are mostly around 40 years. 

Symptoms. In one case slight hyperthy- 
roidism, and in another case exophthalmus is 
noted, but typical thyroidal hyperfunction 
is never observed, in any case. Struma found 
in all cases. Metastasis is detected in all 
cases. ['*!-Uptake and urinary excretion: 
[13!-uptake per cent is measured with scintil- 
lation counter, 24hr after oral admini- 
stration of 30-50 wc of I'%!, and its value 
mostly comes within range of 20-40 per 
cent and is 27 per cent on the average. 
Urinary excretion amount during 24 hr 
after I'*! administration is 58 per cent on the 
average. 

Histological findings. Histological findings 
of seven cases, in which histological examina- 
tion has been carried out before I'*!-treat- 
ment, are as follows: five cases of follicular 
carcinoma, one of papillary and follicular 
carcinoma, and one of undifferentiated type. 

Treatment. I*! treatment is carried out 
in such cases, in which sufficiently high 
uptake I'*! of tracer is proved and follicle 
formation is demonstrated in histological 
specimens. The single dose of I'#! is 10-30 
mc, and in cases combined with telecobalt 
therapy, single dose Co®°-irradiation is 200- 
300 r. 

Results. Of 9 cases, 3 cases are cured, 5 
cases are improved, and 2 cases are resistant 
against this treatment. The total dose of 
administered I!*! is 47 mc on the average 
and times of administration are four on the 
average. The tumour dose with télecobalt is 
2000-9000 r. I'3! urinary excretion per- 
centage is apt to increase with improvement 
of symptoms and is useful for the prognosis 
purpose. The cases in which follicle forma- 
tion is marked in their histological pictures, 
have generally shown good responses to [}*1 
treatment and their prognoses are relatively 
good. 

By-effect. Severe radiation effect has not 
been observed in any case. Slight leucopenia 
has been found in all cases, but myxoedema 
has occurred in only one case. 
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On the Radiation Injury in Pegmatite De- 
posits Containing Uranium Ore. Isamu 
AWANO, SHIGERU TAKAHASHI, ‘TOKUJIRO 
Tamiya, Yasujt Ocata, Kosutro Karo, 
YOsHIBUMI SUGATA, JIRO KAMEDA, FUKIKO 
Sato, SHuku Mort, Reiko FukupaA and 
Manjiro Oromo, Department of Ist Internal 
Medicine, Fukushima Medical College, 
Fukushima. 

The International Committee on Radia- 
tion Injury has very often aroused public 
attention regarding the biological influences 
which radiation has on human bodies, and 
has made important discoveries about the 
level of permissible exposure of the entire 
body. These problems are yet to be solved 
through further experimental or clinical 
study. We made minute examinations on 
radiation injury caused by exposure to a 
chronic low-level radiation generated in the 
pegmatite deposits containing uranium. We 
carried out investigations into the common 
inhabitants and the mine workers in Ishikawa 
town etc. Among the mineworkers at 
and 
common inhabitants in the region of Neko- 
naki, we found many cases of leucopenia. 
Furthermore we conducted blood tests in 
the contrast areas in the neighbourhood, 
and we realized that the number of cases of 
leucopenia in these areas was larger than 
that of the contrast areas. This leucopenia 
was chiefly due to the decrease of neutrocyte 
and deviation to the left was observed. And 


Suishoyama and Nogisawa_ district 


so in order to see how much such findings of 


blood test would be affected according to 
the change in radiation environments, we 
repeated blood tests on the cases of leuco- 
penia at intervals of 1 or 2 months. As a 
result we found that when some ore dressers 
stopped dressing on account of the rainy 
season or the farming season, the white cell 
count in them returned to normal. In order 
to examine these causes, we first conducted 
investigations into the general background 
radiation of these areas, but we could not 
recognize any especially increased amount 
of them. The y-radiation in the mines was 
measured by Nakaizumi and Eto, and in the 
ore-dressing shop it was 0-05 mr/hr in one 
workshop inside the mine it was 0-2 mr/hr 
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and in the others it was below that. On the 
other hand, Matsukawa and _ Hoshino 
examined G.M.-count of the drinking water 
in Ishikawa Town, but it was much the same 
as the natural count, and the radon contents 
of the drinking water amounted to 7-10 
mache in several places, but in many places 
it did not show any special increased amount 
of radon. Oka and Miyamoto examined the 
uranium contents of the drinking water but 
this could not necessarily make out blood- 
test findings. However, a few families where 
the increased uranium content of the drinking 
water was perceived yielded the same findings 
of blood tests. And as for those of the 
common inhabitants who had the blood 
findings, we conducted respective examina- 
tions of the causes, and then it appeared in 
most cases that those people had a stock of 
some uranium ores in their own homes. In 
such cases, it was confirmed that there was a 
very delicate relation between the place in 
the home where the ores were stored and 
the place in the room where the inhabitants 
were living. And then we chose ten persons 
who showed leucopenia continuously, and 
conducted close examination in_ blood, 
bone-marrow, and the functions of liver, 
kidney stomach and circulating systems, 
but striking dysfunction was not recognized, 
only in blood-test a slight dysfunction was 
observed in a few items. 


On Transmutation Effects in the Internal 
Irradiation of E. Coli communis, Y AsusH1 
NisHIWAKI, Department of Biophysics, School 
of Medicine, Osaka City University. 

When radioactive substances are incor- 
porated into the important constituents of 
the cell, the following effects may be super- 
imposed over the effects of radiation emitted 
from the radioactive substances. 

(1) The molecule containing the radio- 
active isotope may suffer some _ serious 
damage due to the recoil effect of the nucleus 
at the time of emission of radiation from the 
nucleus, if the recoil energy is sufficiently 
large. 

(2) In the case of the emission of charged 
particules such as alpha or beta, the orbital 
electrons of the product atom may be in an 
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excited state due to the sudden change in the 
charge of the nucleus. 

(3) In the case of the emission of the 
positively charged particle, the product atom 
may have an excess number of orbital 
electrons due to the sudden decrease in the 
charge of the nucleus and may correspond to 
a reduced state, while in the case of the 
emission of the negatively charged particle 
the product atom may be in an oxidized state 
because of the shortage of electrons after the 
sudden increase in nuclear charge. 

(4) The change of the nuclear charge at 
the time of the emission of the charged part- 
icle corresponds to the change of the element. 
Because of this sudden change of the element 
in the molecule, the chemical binding 
between the transmutated and the neigh- 
boring atoms may not remain stable in some 
cases. 

Since P may be incorporated into such an 
important constituent of the cell as the 
nucleic acid of the genetic material and the 
recoil energy of P®? may be estimated to be 
the largest among the various /-emitting 
isotopes of biological significance, we have 
attempted to test the effects of the internal 
irradiation of E. colt communis with P®, 

Comparing the lethal effects of the 
external irradiation by X-ray (W-K « 0-24) 
and the effects by P®*-6, the author estimated 
the effective sensitive volume (V,) from the 
target theory to be (V,)y =7+ 10-43 
and (V,), = 17-6 + 10-4 w3. 

From these results the effects of internal 
irradiation may be estimated to be at least 
about 2-5 times larger than that of the 
corresponding external irradiation, and the 
effects on the growth stage were observed to 
be much larger than that on the resting stage. 


Studies on the Migration Velocity and the 
Phagocytose-Function of Leucocytes of 
Rats. (lst Report) The Effects of I'*!. 
MasATOSHI TANAKA, The 2nd Division of the 
Department of Physiology, Nihon University, 
School of Medicine. 

The author studied the effects of radio- 
active iodine (I'*!) upon the function of 
leucocytes of rats. 

That is to say, the velocity of amoeboid, 
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wandering movements : migration 
velocity) and the ability of ingesting foreign 
particle (= phagocytose function) of leu- 
cocytes were tested. 

In the experiments, I!*! was given to the 
rat by subcutaneous injection at the rate of 
1-0—0-1 we per g of body weight. 

The tests were made 1, 3, 7, 14, 21 and 28 
days after the injection, namely in each case 
a small amount of blood was taken and the 
function of leucocytes was tested. 

Sugiyama’s method was used for the 
measuring of the migration velocity and 
Mori’s method was used to test the ability of 
the phagocytose function. 

The results obtained are as follows: 

(1) The migration velocity of psuedoeosinophile 
leucocytes. ‘The administration of I'*! at the 
dose of 0-1 we per g of body weight to a rat 
did not give any effect. 

However, when it was given at the dose of 
0-5-1:0 wc per g of the body weight, it 
showed apparent effect; the velocity always 
decreased. 

(2) The phagocytose-function of pseudoeosi- 
nophile leucocytes. Likewise, the administration 
of I'! at the dose of 0-5-1-0 wc per g showed 
a strong effect; the ability seemed to become 
always weak. 


Experimental Studies of Fission Products 
Mixture onthe Distribution of Foetuses of 
Offspring, and on the Effects upon Sexual 
Cycles. E1mnosuKE NAKAYAMA, SHIGEO. 
SASAGAWA, Kunio YAMAZAKI and YASsUsHI 
OxamurA, Department of Obstetrics and 
Gynaecology, Niigata University, School of 
Medicine. 

Experiments were performed with regard 
tothe following four respects by administering 
Fission Products Mixture of the Oak Ridge 
National Laboratory into mature white rats: 

(1) Influences of Fission Products Mixture 
upon sexual cycles of the female animals. 

(2) Tissue Fission Products Mixture to 
fetuses in pregnancy. 

(3) Tissue Fission Products Mixture levels 
in fetuses at different periods of pregnancy in 
mother animals after the administration of 
Fission Products Mixture into offspring at 
lactation. 
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The results of the present experiment are 
as follows: 

(1) Temporary changes in sexual cycles 
were occasionally observed after the admini- 
stration of Fission Products Mixture; how- 
ever, most of them occurred before death, 
i.e. after relatively long periods of time after 
the administration. The period of time after 
Fission Products Mixture hasamoreimportant 
bearing upon the sexual cycles than does the 
Fission Products dose. 

(2) The changed sexual cycle seemed to be 
no temporary phenomenon due to changed 
ovarian tissue but was produced through 
systemic radiation sickness as its secondary 
phenomenon. The fact that a large quantity 
of Fission Products Mixture temporarily 
passes through the ovary after the admini- 
stration may have relation to the temporary 
changes in the sexual cycles. 

(3) The foetal transfer is established to 
take place only in the mothers. The transfer 
of Fission Products Mixture was found most 
in foetuses and was noted also in the offspring 
born at 60 days after the administration of 
Fission Products Mixture to the mothers. 

(4) No transfer of Fission Products Mix- 
ture was demonstrated in the offspring born 
at 126 days after the administration of 
Fission Products Mixture to the mothers. 
The body weight gain in these offspring 
before weaning was less than in controls, 
but showed a transitional heavy increase in 
body weight following their weaning. ‘The 
body weight gain in the above offspring, 
however, tends to be about the same as in 
controls on or about the 45th day after birth. 

(5) Transfer of quantity of Fission Products 
Mixture to the offspring was observed by 
lactation. 


Experimental Studies on the Effects of 
Internal Irradiation upon the Foetus. 
Ersuzo Noma, Department of Radiology, 
Kobe Medical College. 

(1) Purpose of the present investigation. ‘The 
application of radioisotopes to living organ- 
isms is now extending rapidly. The present 
investigation has been instituted to ascertain 
what effects P?* would produce on the foetus, 
especially on its genital gland. For this 
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object, internal irradiation with P%* was 
conducted on pregnant mice. 

(2) Methods. Eighty female adult mice 
were divided, with 20 per group, into four 
groups; A, B, C and D. They were then 
mated with adult males, and were caused 
pregnancy. P*? was injected intravenously 
in 2-4, 1-2, 0-6 and 0-3 wc/g quantities. Each 
of these four different doses was given to 
five animals of each experimental group. 
Group A was subjected to this internal 
irradiation during the early period of preg- 
nancy, Group & during the middle, Group 
C during the latter, and Group D was a 
control group. New-born mice were weighed 
1, 2, 4, 8 and 16 weeks after birth, and 
measurements of radioactivity were done on 
the principal internal organs. The genital 
gland was pathohistologically examined. 

(3) Results. (i) In mating and delivery 
dates and the mean number of foeti, no 
appreciable difference was noted between 
experimental and control groups. 

(ii) Some young mice from mothers 
injected with 2-4 wc/g quantities were 
rather small in size, sickly-looking, 
and covered with somewhat coarse 
fur. This observation was in common 
to three experimental groups. 

P*®? was found faintly in the bone and 
brain, but unmeasurable in other 
organs. 

Histologic changes in the testicles 
and ovarium. (a) Testicular changes. 
The testicles had fallen into regressive 
degeneration in young mice from 
mothers given 2-4 uc/g. Seminiferous 
tubules were nearly empty of semi- 
niferous elements, and showed hollow- 
like cavity; only Sertoli’s cells were 
noted. Even 16 weeks after birth, no 
regenerative changes were observed. 
In those treated with 1-2 wc/ga re- 
markable decrease of seminiferous ele- 
ments took place, but in those treated 
with 0-6 uc/g histologic changes were 
very slight. Those given a dose of 0-3 
pc/g remained unaffected. The above 
observations were in common to all 
experimental groups. (b) Ovarian 
changes. In young mice from mothers 
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given 2-4 uc/g, germinal epithelia and 
primordial follicles had almost com- 
pletely vanished, and been replaced by 
connective tissue 4 weeks after birth. 
Only several vesicular ovarian follicles 
were in the maturing process. Vacu- 
oles were noted in some of the eggs. 
Sixteen weeks after birth germinal 
epithelia, and primordial and _ vesi- 
cular follicles had disappeared without 
a trace from the ovarium, which was 
now simply composed of fibrous and 
connective tissues. No changes 
worthy of mention were observed 
in those treated with 1-2, 0-6 and 
0-3 uc/g. 


Fundamental Research on _ Irradiation- 
Toxin. Hayami Fujimori, Fumio YAmapa, 
SHIGEKAZU MAEDA and YOSHIHIRO IKEJIRI, 
Department of Obstetrics and Gynaecology, 
The Osaka City University Medical School. 


It is reported that the liver catalase 
activity of mice is reduced by irradiation and 


by the injection of serum of rat irradiated 
with radiocobalt, and the grade of decrease in 
activity is followed by the dosage of the 
irradiation. 

This substance which reduces the liver 
catalase activity of mice may be called the 


irradiation-toxin. 
this substance are reported. 

(1) The control effects of some drugs 
(methionin, gronsan, antihistamic drugs, etc.) 
upon the reduction of the liver catalase 
activity of mice were examined. The result 
obtained showed the strong control effects. 

(2) After having removed the protein, the 
serum of rats irradiated or non-irradiated 
with radiocobalt in whole body was deve- 
loped on the paper. By means of paper 
chromatography, some spots obtained were 
yellowish spots stained by Nynhydrin (2, 
0-17 0-40 Butanol: acetic acid: H,O4:1: 
5) (R, 0-74 0-45 Pyridine: Butanol: H,O 
og Bae i B 

(3) The substance contained in the spots 
was examined chemically. 

(4) This fluid made as above mentioned 
had the absorption curve showing the peak 


In this paper details of 


on 371/my (by Beckmann’s spectrophotom- 
eter). 

(5) The results of liver function of normal 
rat treated with irradiation-toxin showed no 
peculiar changes. 


Study on the Effects of the Radiocobalt 
Irradiation upon the Various Kinds of 
Protein Solutions. HAyami Fujimori, Fumio 
YAMADA, SHIGEKAZU MAEDA and TosHIyuKI 
JrkuHARA, Department of Obstetrics and 
Gynaecology, Osaka City University Medical 
School. 

Bio-physico-chemical studies on the denat- 
uration of various kinds of protein solution 
irradiated with radiocobalt were performed. 
Egg-albumin, human serum y-globulin, 
normal human serum, normal human preg- 
nant serum and serum of patients suffering 
from uterine cancer of the cervix were 
employed as the samples. The dose of 
10 x 104-200 x 104r was given at one 
time by the pencil-formed radiocobalt im- 
ported from AECL in Canada. The dosage 
was measured by Victoreen’s ion chamber. 
The results obtained are given in the 
following ; 

(1) Radiation effects upon egg-albumin solution. 
2% and 5% solutions of egg-albumin were 
irradiated. After irradiation the volume of 
the concentration and the radiation dosage 
pH value were elevated; however the vis- 
cosity decreased after irradiation. 

(2) Radiation effects upon y-globulin solution. 
The denaturation of y-globulin solution was 
studied by means of the measurement of 
active tyrosin-base. Gamma globulin was 
dissolved with physiological NaCl solution 
to 10mg, 5mg and 1 mg/cm%. By the 
irradiation of 30 x 10‘r the dilution effect 
was shown. The activity of this base increased 
in the course of time, and the after-effect 
was recognized. ‘The denaturation was 
accelerated by the addition of H,O, and was 
protected by ethyl alcohol. 

(3) Radiation effects upon human serum. 
Normal serum, normal pregnant serum and 
serum of patients with uterine cancer of the 
cervix were investigated by Kobayashi’s 
paper electrophoresis apparatus. Veronal 
buffer solution (pH: 8-6) was used as buffer, 
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and amidoschwarz for staining. By irradia- 
tion of normal human serum with radio- 
cobalt of 10 x 104-50 x 104 r, total protein 
volume, the quantity of albumin and y)- 
globulin of serum decreased. On the con- 
trary, p-globulin decreased strongly. The 
electrophoretic pattern showed declination 
of the peaks according to the increase of the 
radiation dosage over 104r. The pregnant 
serum showed the tendency of decrease of 
albumin and increase of y- and f-globulin 
with the progress of the pregnancy. After 
irradiation this state showed the tendency of 
acceleration. In the serum of patients with 
uterine cancer of the cervix, decrease of 
albumin and increase of y- and /#-globulin 
was observed. This state also showed the 
tendency of accleration after the irradia- 
tion. 


Fundamental Study on the Effect of Single 
Total Body Irradiation of Radiocobalt on 
the Function of Endocrinous Glands of 
the Rat. Hayami Fujimori, Fumio YAMADA, 
SHojt TAKEDA and SHoj1 NAKAYAMA, Depart- 
ment of Obstetrics and Gynaecology, The 
Osaka City University Medical School. 


To study the problem whether the vital 
protecting reaction might or might not 
occur by irradiation acting as stressor, the 
function of adrenocortex as a kind of sensitive 
index of stressor was examined chemically 
and histologically. By means of measurement 
of level of 17 Ks of rats irradiated with 
various surface doses of tele-cobalt it was 
recognized that the level of 17 Ks of the 
urine discharged within 24 hr increased, and 
decreased about the seventh day after the 
irradiation, and it had a leak on the second 
or third day after the irradiation. In the case 
of irradiation with 411 r, none of them died 
during 2 weeks, and on the contrary, in 
cases treated with 600 r or 800 r 3 or 5 of 
them died, and in the case treated with 1000 r 
all of them died within 1 week. By the meas- 
urement of 17 OHCS of the rats treated with 
the same condition as above mentioned, 
similar results were obtained. By histochemi- 
cal examination it was observed that the 
sudanophile fat decreased once 12 hr after the 
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irradiation and decreased again after 72 hr, 
recovering to the normal level on the four- 
teenth day through gradual increase. The 
double refracting fat decreased earlier than 
the sudanophile with the sinking on the 
fifth day. The state of the fuchsinophile 
substance examined after Zinser was not so 
clear but similar to the two mentioned 
above. 

The vaginal sex cycle of rats with normal 
regular oestrous cycle was observed for about 
80 or 90 days after irradiation with tele-cobalt. 
By exposure to 200r the vaginal smear 
findings were observed in normal sexual 
cycle except a few cases with prolonged 
diestrous. By exposure to 400 or 600r, 
changes of cycle were moderately observed, 
i.e. diestrous was prolonged and oestrous 
occurred infrequently, and the metoestrous 
frequently. A few cases exposed to 800r 
showed permanent diestrous. By exposure 
to 800 r, changes were more obvious than 
the former i.e. the normal cycle fell out in 
half of them. No regular vaginal cycle was 
shown in the rats exposed with dosage of 
1000 r, and all of the rats exposed with 1500 r 
died on the tenth day on the average. On 
the eighth or ninth day after irradiation the 
changes in the mitotic figures of granulosa 
cells of ovaries were examined by exposure 
to 100 or 200 r; decrease of mitotic figures 
was observed slightly in median-sized 
follicles, but it was not significant compared 
with the normal cells. By exposure to 300 r 
the mitotic figures decreased remarkably in 
all stages of growing follicles. 


Experimental Studies on Thiamine Meta- 
bolism of Co® Irradiation. Hayami 
Fujimori, Fumio YAMADA and TERUTAKA 
InovE, Department of Obstetrics and Gyneco- 
logy, Osaka City University, Medical 


School. 


Effects upon VB, metabolism of rats of 
tele-cobalt irradiation were observed. The 
VB, distribution in rats fed with certain 
feeding and irradiated with Co® was VB, 
measured by the thiochrome method. 

(1) Cases of single total irradiation of 600 r. 
The concentration of compound type VB, in 
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heart, liver, and kidney, began to diminish 
gradually from the 24th hour after irradia- 
tion, and its normal titers showed a decrease 
of 60 per cent in heart, 55 per cent in liver, 
33 per cent in kidney on the seventh day 
after irradiation. However, those in brain 
showed a decrease of 17 per cent on the 
sixth hour after the irradiation without 
further decrease, and in test is 13 per cent on 
the 72nd hour, diminishing gradually after- 
wards, 40 per cent on the seventh day later. 
The isolation type VB, also showed a decrease 
in comparison with the compound type but 
slight in grade. The total VB, concentration 
in spleen showed a severe decrease i.e. a 
decrease of 37 per cent after 24 hr, 71 per 
cent after 7 days, diminishing from an hour 
after the irradiation. The total VB, con- 


centration in blood showed an increase of 


25 per cent i.e. the maximum after sixth 
hour beginning to increase the third hour 
after the irradiation and then diminishing 
gradually to 9-5 per cent and showed a 
decrease of 16 per cent on the 48th hour, 
and in addition diminished in parallel to its 
decrease in each organ. The VB, excretory 
value in urine was 8-15 times as much as 
the normal value on the first examination 
day, 5-10 times on the second day, and then 
diminished gradually showing less than a 
half of normal excretory value. 

(2) Cases of irradiation with 600 r Co® upon 
left lower limb. No change was recognized in 
the distribution of VB,. 

(3) Cases of fractional irradiation of Co 
(irradiated with 20r, a day, 30 days 
repeatedly). Even after performance of this 
series of irradiations, a slight decrease of 
VB, distribution was recognized and the 
value corresponded to the one on the 48— 
72nd hour later. Total irradiation for the 
VB, distribution in rats fed restrictively 
showed almost normal value on the 72nd 
hour after the start of restrictive feeding but 
a slight decrease on the 14th day was noticed. 

The VB, distribution in normal rats ad- 
ministered with irradiated blood plasma 
showed a decrease. 

The VB, distribution in rats treated with 
sensitization and then its provocation with 
blood serum of irradiated rats showed an 


apparent decrease in comparison with the 
control. 


The Change of Various Organs Caused by 
Intermittent Injection of Radiogold. 
IcHtRO Kuramitsu, Koner TAMURA and 
Hrrosui Takata, The Second Tokyo National 
Hospital. 

In this paper, report is made of the change 
of organs of rats, chiefly in the liver, after 
repeated injection of radioactive colloidal 
gold (Au!®’). In one series of experiments 
the rats were injected with 300 wc of radio- 
gold from the tail vein at one time in every 
month from 6 to 10 months. In another 
series the rats were injected with the same 
dose of radiogold from 2 or 3 months and fed 
on wheat covered with p-dimethylaminoazo- 
benzene (DAB). 

One group of rats were killed after 7 
months and liver changes were looked for. 
These findings were slight except the atrophy 
of the columns of liver cells. 

After some 10 months another group 
of rats were killed over a period. The liver 
damage of this group was widespread, but 
without splenomegaly or ascites. The lobus 
of liver in each had been made thin atrophic 
rough nodular and hard. Microscopic 
findings were as follows; the columns were 
completely regressively altered, liver cells 
were partly swollen oedematous or were 
irregularly thick and in some places it 
appeared there was haemorrhage, infiltration 
of small round cells, and the reticulocytes had 
taken-up radiogold granules between them. 

However, the architecture of pseudo- 
lobuli, progression of fibrous tissues or re- 
generative figure of liver cells were not 
observed in any place. These changes of the 
liver may be thought to be mostly due to 
radioactivity of repeatedly injected radio- 
gold and did not mean true liver cirrhosis. 

The rats which were fed with DAB and 
injected with radiogold showed retention of 
ascites. The liver of these groups was the 
ultimate granular type of cirrhosis with pro- 
gressive formation of fibrous tissues and 
splenomegaly. ‘This type has been regarded 
as liver on the way to becoming hepatoma 
and was slightly damaged with radiogold 
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and stopped by the cirrhosis and then 


proceeded to the end. 
The figures of destruction of other tissues 


are to be reported at this meeting. 


Onthe Pituitary Tumours Induced byI!*! in 
Mice. Susumu WATANABE, Fumio HIROSE 
and Hrroyuxt Takemoto, Department of 
Pathology, Hiroshima University School of 
Medicine. 


Influence of the function of the thyroid 
gland destroyed by internal irradiation with 
I'3! upon changes of the endocrine organs, 
especially hypophysis, is discussed in this 
paper. 

Method. Intravenous injection of 1-0 wc/g 
or 5-0 ue/g of I48" in ten divided doses or in a 
single dose was given to ddN uniform strain 
mice. On all experimental group _histo- 
pathological studies, measurement of radio- 
activity and preparation of radioautographs 
of the main organs were conducted. 

Results. In the group injected with 1-0 
uc/g of I}3! in ten divided doses, the de- 
struction of the thyroid gland was found to be 
so mild, that the regeneration of the follicular 
epithelium of the thyroid gland was encoun- 
tered after 82 experimental days when radio- 
activities of [131 in the thyroid gland had 
generally faded out. Accordingly hypophy- 
sis in this group had no conspicuous changes 
throughout the full course of experiment. 

On the other hand, in the group injected 
with 5 uc/g of I'%1, degeneration and necrosis 
of epithelial cells with follicular disruption 
in the thyroid gland were severe from an 
early stage, being replaced with fibrous 
tissue. No regeneration of the follicular 
epithelium was found throughout all stages. 
Anterior pituitary lobe showed marked 
reaction corresponding to these destructions 
of the thyroid gland. In the group injected 
with 5 uc/g of I'*! in ten divided doses, 
so-called “thyroid-ectomy cells” of abundant 
cytoplasm with scanty pigment were present 
in the anterior pituitary lobe as early as 
96 days after the initial injection. They 
increased dispersedly in number afterwards, 
showing slight polymorphy. In the anterior 
pituitary lobe of mice killed on the 196th 
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day, the formation of nodular microadenoma 
consisting of these thyroidectomy cells was 
encountered. On the 312th experimental 
day, the pituitary body showed prominent 
swelling, or accompanied with hematoma, it 
finally exhibited macroscopic tumours with 
a diameter of 55 mm of more. ‘There 
was no normal structure in these pituitary 
bodies, the pituitary body being mostly 
occupied by cells similar to thyroidectomy 
cells, some of which had indistinct cell 
boundary and moderate polymorphies with 
little mitotic figure. Thenceforth macro- 
scopic pituitary tumour was induced in all 
animals injected with 5 wc/g of I). 

Thus, a series of progressive changes from 
thyroidectomy cells, which were supposed 
to be derived from cells in anterior pituitary 
lobe, to macroscopic tumour, might have 
resulted from unbalance among endocrine 
organs due to the destruction of the thyroid 
gland by [}*!, 

However, experimental results with 
neutron internal irradiation by FurTH et al. 
suggest that direct effect of radiation of [131 
upon the pituitary body is also well con- 
sidered. 


Studies on Chemical Protection against 
Radiation. MasasH1 Fukupa, TETSUMEI 
HasHimotTo and YuTAKA Kiramura, Depart- 
ment of Radiology, Faculty of Medicine, 
Kyoto University. 

Purpose. Our efforts have been directed 
since 1955 to comparative studies on the 
effectiveness of some chemicals attributed 
to be protective against radiation hazards. 

Method. Cysteine (CySH), Glutathione 
(GSH) Mercaptoethylamine (Cysteamine, 
MEA), Aminoethylisothiuronium (AET), 
Penicillamine, Methylmercaptoimidazole 
(MMI), Oxytryptamine, Reserpine as pro- 
tectants are taken up in the experiment. To 
examine the respective preventiveness of the 
chemicals, the mortality and changes in the 
weight of mice (ddN-strain) irradiated LD- 
50 and LD-100 of X-ray were compared 
with those of mice intraperitoneally injected 
with the chemicals before irradiation. 
Researches were also conducted in the 
effectiveness against decrease of the number 


Reports of meetings 


of leucocytes in the blood, of the amount of 
porphyrine in the liver as well as in the 
blood, of the activity of catalase and 
cholinesterase, and of respiration of tissues, 
after irradiation. 

Results. Protective effects of the chemicals, 
observed by comparison of survival rate of 
mice 30 days after irradiation, are given in 
the following table: 


Amount 
administered | X-ray 
ip. before | dose 
irradiation | (r) 


(mg/g) 


Protect 
effect 
(9 ) 

0/ 


LD-50 


Compounds (mg/g) 


Cysteine 


Glutathione 


800 100 


40 


0-004 800 


0-005 680 
680 
680 


Oxytryptamine 


Reserpin 0-025 


Diminution of leucocytes of rats after 
irradiation could be prevented by giving 
CySH and GSH, decrease of porphyrine in 
blood by GSH, MEA and AET, decrease of 
metallic porphyrine in liver by GSH, and 
also decrease of activity of blood cholinester- 
ase by CySH. Injection of GSH or CySH 
was proved to be protective against decrease 
of respiration of liver tissue, and GSH 
against decrease of activity of liver catalase, 
although not protective against decrease of 
blood catalase. 
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Comment. In reducing mortality of irradi- 
ated animals, all these chemicals examined 
are found to be effective with the exceptions 
of penicillamine and NMI. But as the 
effective dose of CySH and GSH to be given 
is too large, it is difficult to use them in 
practice. Both MEA and oxytryptamine 
showed the highest effectiveness, but, of the 
two, oxytryptamine is concluded to be the 
safer and more fitted to practical use in 
respect of its toxity and the effective dose. 


Relationship between Iron Absorption and 
Storage Iron in the Gastro-intestinal 
Mucosa. Masao WasHino and Hirosur 
Sairo, First Department of Internal Medicine, 
Nagoya University School of Medicine. 


Many studies on storage iron have ap- 
peared, and some remain uncertain in its 
pathophysiologic meanings. It was proposed 
that mucosal block by ferritin in the gastro- 
intestinal mucosa takes part in iron absorp- 
tion, but the mechanism of iron absorption 
was not explained clearly enough. Brown, 
HEILMEYER ¢éf al. found evidence that high 
ferritin contents of the mucosa did not cause 
blockage in iron absorption, while the 
relationship between iron absorption and 
hemosiderin in the mucosa was clarified by 
GILLMAN. 

Recently, marked deposition of hemo- 
siderin was observed both macro- and micro- 
scopically in the mucosa of the aplasias 
which had received 81. total volume of 
blood transfusion. To induce such a state of 
hemosiderosis mentioned as above, 25, 50, 
75 and 100 mg of iron were administered 
intraperitoneally into the rat. Two weeks 
after the above treatment, radio-iron was 
administered intragastrically and the amount 
of radio-iron absorbed at 48 hr period was 
inversely proportional to that of iron pre- 
viously loaded. ‘This fact demonstrated the 
existence of blockage in iron absorption in 
the case of iron excess. This cause of blockage 
in iron absorption is supposed to be due to 
the excessive iron deposition in the mucosa. 
The following experiments were carried out 
to observe the relationship between iron 
absorption and the existence of hemosiderin 
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and ferritin, especially that of hemosiderin 
in the mucosa. 

Experimental rats were treated with iron 
loading, hemolyzation and blood depletion. 
For these groups, amount of radio-iron 
incorporation and iron contents in hemo- 
siderin and ferritin were estimated. Amounts 
of radio-iron incorporation in body on 
removing the gastro-intestine were estimated. 

Slight decrease of hemosiderin and ferritin 
iron took place and on the other hand, 
marked increase of radio-iron incorporation 
in hemosiderin and ferritin, especially in 
ferritin, was observed in the blood depleted 
group. This fact seems to imply that iron 
was mainly absorbed through ferritin. In 
contrast to the blood depleted group, marked 
increase of hemosiderin and ferritin, and 
especially of hemosiderin was observed in 
the iron loaded group. 

Decrease of incorporation of radio-iron in 
hemosiderin and ferritin of the iron loaded 
group was characteristic and it was very 
marked in ferritin. This fact suggests that 
ferritin synthesis would be blocked more 
easily than hemosiderin. In the hemolytic 
anemia group, iron metabolism of both 
hemosiderin and ferritin was accelerated. 
Slight decrease of hemosiderin and ferritin 
iron and increase of radio-iron absorption 
were observed. In this group, the amount of 
radio-iron incorporated in ferritin did not 
differ from that of the control group; 
however, in hemosiderin it was greatly 
increased. In this group, iron would mainly 
be absorbed through hemosiderin. 

We can then assume that there are two 
paths of iron absorption; the one through 
hemosiderin and the other through ferritin. 
Mechanism ofiron absorption will more easily 
be explained by thefeature of hemosiderinsyn- 
thesis which is not so easily blocked as ferritin. 


Studies on Distribution of P**-Tagged 
Platelets in Rabbits—II. Distribution of 
in vivo and in vitro Damaged Platelets. 
Kikuyo Ozumi*, SHIGEO Krxucui*, YASUHIRO 
UcnryaMA* and Kyoicui Yuasa. 

At the 2nd Japan Radioisotopes Congress, 
we reported on fate of platelets: platelets 
are destroyed in spleen of healthy rabbits 
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and platelet thrombi are formed where the 
Shwarzman phenomenon is induced. In 
order to study the fate of platelets which are 
damaged in vivo and in vitro, the authors 
performed the experiments employing the 
same method. 

(1) To damage P*?-tagged_ platelets in 
vivo, heterologous serum was injected into 
rabbits according to Mushett’s report, and 
thrombocytopenia was induced. Then, dis- 
tribution of radioactivity in the main organs 
was measured. ‘The results indicate that the 
mode of distribution is similar to that of the 
Shwarzman-induced rabbits, excepting the 
fact that the radioactivity of the liver is 
higher than in these rabbits. 

(2) (a) To damage P*-tagged platelets 
in vitro slightly, tagged platelets were incu- 
bated for 30 min at 45°C, and these were 
injected into ear vein of healthy rabbits. 
Distribution was measured 2 hr after injec- 
tion. The results are as follows: radio- 
activity of all organs was abnormally higher 
than in the animals previously reported, and 
radioactivity of the lung was the highest, 
that of spleen and of liver follows in this 
order. (b) To damage tagged platelets 
extremely, the platelets were mixed with 2% 
osmic acid and injected into healthy rabbits, 
and distribution was measured at the given 
time. The characteristics of this distribution 
are as follows: lung shows moderately high 
radioactivity, next spleen and liver, and the 
other organs show no significant radio- 
activity. Considering that the fixed platelets 
are already foreign protein, it is difficult to 
compare these two experiments with each 
other, but it is considered to be significant 
to perform this experiment, as the fixed 
platelets scarcely alter their shape. 

(3) In order to analyse these data, frac- 
tionation procedure of P*®* was performed in 
each experiment. In experiment (1), major 
radioactivity of lung was in organic phosphor 
fraction. In experiment (2a), rate of P%* 
fractions in lung was the same as in experi- 
ment (1), but radioactivity of organic fraction 


* The First Medical Clinic, School of Medicine, Toho 
University, Tokyo, Japan. 

+t Medical Clinic, Jusendo General Hospital, Koriyama 
City, Japan. 
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in spleen and lung occupied the great part 
of total radioactivity. For the discussion of 
these results, it should be mentioned that 
there are many factors influencing distri- 
bution rate of phosphor fraction, but it is 
noteworthy that there is different rate of 
fractions between two experiments in the 
same organ. In experiment (2b), there took 
place no distinct difference in rate of each 
fraction among each organ. From changes 
of distribution rate of each fraction in the two 
experiments mentioned above, it is suggested 
that there are different modes of morpho- 
logical destruction of platelets im vive, and it 
is considered that there is no remarkable 
destruction in the last experiment, and these 
fixed platelets are retained in vessels as they 
are fixed without marked morphological 
changes. This fact shows the reason why 
there is no distinct difference in radio- 
activity of the main organs except for both 
lung and spleen, and it is reasonably 


understood that lung shows high radio- 
activity because it has more capillaries in 
the given weight than have other organs. 


From the results obtained, conclusions are 
drawn as follows: 

(i) When heterologous serum is adminis- 

tered, the site of destruction of 
platelets is not in a specific organ, but 
probably in vessels. 
Mode of destruction of platelets that 
are slightly damaged in vitro is between 
mode of physiological destruction and 
of pathological, considering the pre- 
vious report. 

(iii) Fixed platelets are considered to be 
distributed only in vessels. 


Studies on the Rejuvenation of Preserved 
Blood Using C!4 and P*.  Harunisa 
YosHIKAWA, Maxoto NAKAO, ‘TosHIKO 
Nakao and Masamicuti TACHIBANA, Depart- 
ment of Physiological Chemistry and Nutri- 
tion, Faculty of Medicine, University of Tokyo. 
When blood is stored at 4°C in standard 

ACD medium, the erythrocytes begin to 

deteriorate after the first few days and the 

ability of the cells to survive, when transfused 
into a recipient, decreases. Moreover, it is 
evident that upon storage there is a marked 


decline in the level of ATP in erythrocytes 
and a general parallelism exists between a 
decline in ATP content and a decline in the 
physiological viability of the cell. 

ATP level was no longer re-elevated, 
when cells stored for more than 7 or 8 weeks 
were incubated at 37°C with inosine, a 
juvenant which had been discovered by 
Gabrio et al. However, when adenine was 
added to medium in addition to inosine, 
there was a marked return of pattern of the 
nucleotides and other phosphorus compounds 
to its normal state. The experimental results 
are as follows: 

(1) To ACD blood preserved for more 
than 8 weeks, inosine, 35mM/l. adenine 
20 mM/l. and P%* were added and after 
incubation for 3 hr, the acid soluble com- 
pounds from erythrocytes were separated by 
gradient elution technique on Dowex I 
(formate form) column. The identification 
of ATP was accomplished by determination 
of the ratio of adenine, ribose, labile P and 
total P. The contents of ATP in each sample 
were 1-2, 2-0 and 27-4 M/dl respectively. 
The wide range of the concentration of both 
adenine and inosine was effective and the 
replacement of inosine and adeninine with 
various other nucleosides and purines or 
pyrimidines were also exainined. 

(2) To 5ml of stored ACD blood was 
added 10 uM adenine inosine, 20 wc of P* 
and 10 uc of 1-C!4-adenine and after in- 
cubation, nucleotides were absorbed on and 
extracted from Norit SX 30 column and the 
one dimensional paper chromatography was 
run, then radioautography of the chro- 
matogram was performed with two folds of 
X-ray films (Fuji Non-Screen Type 200). 
Another quantitative experiment in a similar 
condition, excepting that the reaction mix- 
ture contained 1-C!4-adenine into nucleotide, 
was about 5 per cent. 


Experimental Studies on the Phosphorus 
Metabolism of the Mottled Teeth with 
P*? and the Effect of Parotin on it. 
KaIsuUKE KAMEDA, KENsSHI KATAYAMA and 
Kenki Katayama, Department of Radiology, 
Kumamoto University School of Medicine. 


Method (1) Two per cent of Nak was 
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injected intravenously daily into rabbits 
weighing about 1kg. The rabbits were 
killed in the first, second and third week 
following the injection and the counts of P? 
per mg in the crown and root portion of 
teeth—incisor, premolar and molar—were 
measured by G.M. tube. 

(2) The effect of the parotin on the 
accumulation of P®* in teeth was examined 
after 0-5 mg and 3 mg of parotin per kg of 
body weight were administered daily in 
two groups which were treated daily with 
NaF at 1 week and 2 weeks each. 

(3) By Carbol-Fuchsin staining, the patho- 
logical findings of the incisor and premolar 
teeth which were treated as described in (1) 
and (2) are now under examination. 

Results (1) The accumulation of P*? in the 
teeth with NaF decreased gradually week by 
week and particularly a remarkable decrease 
was detected in the crown part of the teeth. 

(2) In cases in which 0-5 mg of parotin was 
daily administered to the group treated with 
NaF at 1 week or 2 weeks, the accumulation 
of P®? in the teeth increased more evidently 
than in the control cases. On the other hand, 
in cases in which 3mg of parotin was 
administered for the same duration, mild 
increase of accumulation of P*? in the teeth 
was observed compared with the control 
cases. 


Phosphorus Metabolism of the Muscle 
Pedicle Bone Grafts. Yoraro Kurata and 
Kenjt Ocuri, Department of Orthopedic 
Surgery, Nara Medical College. 

The purpose of this investigation is to 
determine the variation in the renewal rate 
of radioactive phosphorus (P3?) from the 
muscle pedicle grafts and free grafts when 
wrapped with a polyethylene foil and when 
placed intramuscularly. Thirty adult rabbits 
were used for the experimental purpose. 

A rectangular bone (1 x lcm) of the 
outer side of ilicus was carefully elevated 
from its bed, and the glutaeus muscle was 
left as it was. In the first group, the entire 
graft was wrapped by a polyethylene foil 
and in the second group, the graft was placed 
intramuscularly. 

In these experiments, fragments were 
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obtained at intervals from 1 to 11 weeks 
post-operatively and examined for the renewal 
rate and autoradiography. The rabbits 
were killed 24 hr after intraperitoneal ad- 
ministration of 300 wc of P??. 

The results are summarized as follows: 

(1) The uptake of radioactive phosphorus 
by grafts is higher in pedicled muscle than 
the free ones. 

(2) Comparing the rate of relative specific 
activity (r.s.a.) of P? of muscle pedicle 
grafts with free grafts, the former was found 
to contain five times as much P* as the 
latter at the period of second, third and 
fourth weeks, if wrapped by a polyethylene 
foil. At the fifth week and later, the muscle 
pedicle grafts contained roughly the same 
r.s.a. aS in the preceding period, while the 
free grafts gradually decreased in the r.s.a. 

(3) When the grafts were transplanted 
intramuscularly, r.s.a. of the muscle pedicle 
grafts contained four times as much P*? as 
free grafts at second, third and fourth weeks, 
and after the fifth week r.s.a. of the free 
grafts did not decrease and pedicled muscle 
at the seventh week. 

(4) Above results are confirmed by macro 
and micro-autoradiographic studies. 


Study on the Chemotherapy of Malignant 
Tumours with P*-Labelled RC-4 (P- 
Phenylene Diphosphoric Acid Tetra- 
ethyleneimid). YosHiyuki Koyama, Kazu- 
AKI SASHIDA, YASUYUKI HAyAsHI and Yuzo 
Takemasa, The First National Hospital of 
Tokyo. 


In order to clarify the influence of anti- 
cancerous agents of the metabolism of tumour 
tissue, P?-labelled p-phenylene diphosphoric 
acid tetraethyleneimid (RC-4) was admini- 
stered to cancer patients 4hr before the 
operation. The amount of phosphorus and 
P®?-radioactivity in nucleic acid fraction of 
resected tissues were measured by Schmidt- 
Thannhauser’s method modified by Shimizu. 
The P%?-uptake was calculated as counts per 
minute of P??/] wg of phosphorus in 100 mg 
of the tissues. In our clinical experiences, 
the combination of adrenocortical steroids 
with anticancerous agents brings about 
subjective and objective improvements in 
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cancer patients. In order to study the in- 
fluence of cortisone, hyaluronidase, testo- 
sterone and growth hormone on the dis- 
tribution of alkylating agents in the rats 
implanted with Yoshida sarcoma, RC-4-P** 
was administered to them on the sixth day 
after transplantation. Twenty-four hours 
after the administration of P**-labelled 
compounds, phosphorus fractions of ascites 
cells, tumours and liver were fractionized by 
Shimizu’s method and that in RNA and 
DNA fraction by Amano and Shibatani’s 
method. P®?-orthophosphate was admini- 
stered to a control group. The following 
results were obtained: 

(1) The P**-radioactivity in tissues of 
three mammary carcinomas was much higher 
than that of normal mammary tissues, 
especially in the central part of the tumour. 
The P*?-uptake into nucleic acid fractions in 
tumour tissues was lower than that in normal 
mammary tissues, because the amount of 
phosphorus in tumour tissues was larger than 
that in the normal. In five cases of gastric 
cancer, P?-radioactivity in tumour tissues was 
lower than that of normal stomach and. the 
P®?-uptake into nucleic acid fractions in 
central part of tumour was lower than in 
normal gastric tissue, while that of marginal 
part was higher than in the normal. 

(2) P8*-labelled compounds administered 
to the rats implanted with Yoshida sarcoma: 

(i) In the P%*-orthophosphate adminis- 
tered group, the P*?-radioactivity of 
tissue was the highest in blood and 
diminished gradually in ascites, spleen, 
bone, liver and tumours. In the RC4- 
P32 administered group, the radio- 
activity was the highest in ascites and 
diminished gradually in liver, kidney, 
tumours and spleen. 

(ii) The P%?-uptake into RNA fraction 
was higher than that into DNA 
fraction in the RC-4 group. 

(iii) Cortisone was effective on the increase 
of radioactivity in ascites, tumours, 
liver and bone and the decrease of 
P%2-uptake into nucleic acid fraction 
to tumours in the orthophosphate 
group. In the RC-4 group, cortisone 
was effective on the increase of radio- 


5—(20 pp.) 


activity in ascites, tumours and spleen 
and slightly effective on the increase 
of P3?-uptake into nucleic acid fraction 
of tumours. 

‘) In the RC-4 group, hyaluronidase was 
effective on the increase of radio- 
activity in ascites when injected 
intraperitoneally, and the decrease by 
intramuscular injection. An increasé 
in spleen and a decrease in tumours 
were observed by both methods of 
administration. It was not effective 
on the increase of P*-uptake into 
nucleic acid fraction of ascites cells 
and tumours. 

) In the RC-4 group, the growth 
hormone was generally effective on 
the increase of radioactivity of all 
tissues, while the effect of testosterone 
was a little. Both of them were 
effective on the increase of P*?-uptake 
into nucleic acid fraction of tumours. 

(vi) In the liver, the above hormones and 

hyaluronidase were not generally 
effective on the increase of P??-uptake 
into nucleic acid fraction in the RC-4 


group. 


Uses of Radioisotopes in Ophthalmology. 
PreRA Capra, Clinica Oculistica Dell’- 
Universita’ DI Roma. 


A lot of studies have been done in the past 
with radioisotopes in ophthalmology espe- 
cially concerning the dynamics of aqueous 
humour. 

This problem makes it very important to 
understand some of the many, and not at all 
clear, problems of glaucoma and ocular 
diseases in which ocular tension increases. 

It is known that aqueous humour is pro- 
duced by the blood circulating in the 
capillaries of ciliary processes of ciliary body 
and that electrolytes pass through the walls 
of such capillaries by secretion and non- 
electrolytes by diffusion. But the per- 
meability of ciliary body may be changed if 
pH of blood changes. 

The programme of my studies therefore has 
been to produce a change of pH of blood by 
experimenting on the animal by injecting it 
intramuscularly with alkaline or acid solution 
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and to see the influence of such changes on 
the passage of P*®* from the blood to the 
anterior chamber. 

After these researches my programme is to 
study the strength of Diamox-therapy on 
ocular tension in animals in which pH of 
blood is different from the normal. 


Radiation Sickness, Aggravated by Win- 
dows (Owing to the Scattered Radiation 
in the Air and from the Irradiated 
Floors) and the Primarily Irradiated 
Thin Walls, Observed Among the Occu- 
pants in a Concrete Building in Hiro- 
shima. Toxkuro Sato and GumpeE! Urata*, 
TomoyosuHi IsH1kAWAt, MicutH1ko Hacuryat 
and Masato FuyrwarRA§. 


The radiation doses received by house 
occupants have hitherto been discussed 
mainly on the calculations based on the 
direction of the explosion. ‘The authors 


calculated the doses for the occupants in a 
concrete building near the hypocentre.' 
It was found that the symptoms of the 
occupants sitting near windows or irradiated 


thin walls were aggravated compared with 
the doses calculated according to the direc- 
tion of the explosion. 

Objective. This survey was made of the 
occupants in the Hiroshima Central Tele- 
phone Office situated 510 m to 570 m south- 
west of the hypocentre. In the building 194 
persons were working and 49 survived. 

Method of calculation. The depth of concrete 
through which radiation penetrated was 
calculated by the building plans and measure- 
ments. The height of the explosion above 
the hypocentre has been estimated to be 
578 m.") The calculated doses of the y-rays 
from the explosion were about 4000 r, and 
the neutrons 4000 rep.“ The depth of 


* The Institute of Public Health, Tokyo. 

+ Faculty of Medicine, University of Tokyo. 

+ Hiroshima Telecommunication Hospital. 

§ Chugoku Telecommunication Office, Hiroshima. 
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concrete shielding adopted here was as 
follows: 6in. for the half-value layer of y- 
rays) and 14in. for the tenth-value of 
4 MeV neutrons.) 

Results and discussion. About 67 cm depth 
of concrete (y was attenuated to 192 r and 
neutrons to 56 rep) was necessary to keep the 
occupants free from contamination, but 
they manifested severe symptoms. At 115 
cm depth (y 22r, neutron 3 rep) those 
surrounded by walls showed no symptons 
but those not surrounded manifested. Nine- 
teen persons were recorded as exceptional 
cases. Two cases at the depth of 115 cm or 
more were situated near windows toward 
the explosion and died of radiation sickness 
after about a month. This is explained by 
the scattered radiation which was generated 
from the irradiated floor, the sky they could 
see through the windows, and from the 
primarily irradiated thin wall permitting 
y-rays to penetrate in the vertical direction. 
Nine persons, who were situated at 114-121 
cm depth and near windows which did not 
face the explosion, manifested the symptoms. 
Two cases at 140cm depth and three at 
190 cm were situated near windows and also 
showed the symptoms. 

Conclusion. ‘The hazards owing to the 
windows and the primarily irradiated walls 
have been shown to be considerable. The 
largest doses of the radiation, entering 
through windows not facing the explosion, 
are estimated from the symptoms of these 
cases to have been about 150 r, though it is 
difficult to make an accurate calculation. 
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Radiation-Induced Changes in Some 
Physical Properties of Graphites of 
Various Degrees of Graphitization* 


On the basis of KLimENKov and ALEKSENKO’s data!) 
we have come to the conclusion that the observed 
volume increase of graphite after neutron irradiation 
can be due to a decrease in size of the crystallites, i.e. 
to degraphitization. To test this suggestion we have 
irradiated six samples of graphite of various degrees 
of graphitization; No. 1 was prepared from ordinary 
reactor graphite, graphitized at ~2500°C, and No. 6 
from calcined petroleum coke which had been 
annealed but not graphitized. 

Each specimen was in the form ofa brick,5 « 5 x 
70 mm’, having 0-3 mm-diameter holes bored 
through at the centre and 5 and 10 mm from each 
end. These holes were used to house thermocouples 
and conductors for measuring the electrical resistivity 
and the thermal conductivity of the specimens. All 
six specimens, in a sealed aluminium canister, were 
placed in the channel of the reactor RFT. The 
integral neutron flux was 6-2 x 107°cm-? and the 
flux intensity (1-5-2) x 10!3%cm™sec~!. The speci- 
mens were maintained at 350-450°C in order to 
preserve after irradiation only the more stable 
structural defects, such as are not removed by 
annealing below 500°C, and in which we were 
particularly interested. 

The linear dimensions, electrical resistivity, and 
thermal conductivity of the six samples were 
measured before and after irradiation. The linear 
measurements were made with an ordinary microm- 


TABLE | 


Length (mm) 


Specimen No. 
| ; oe 

| Before irradiation | After irradiation 

cet. 


70-22 
70-06 
69-56 
69-75 
70-60 
70-04 


* Translated by G. RyBack from Atomnaya Energiya 6, 
568 (1959). 
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gm 

Fic. 1.—Electrical conductivity of the graphite 
samples as a function of temperature: 
before irradiation 
— -—- after irradiation. 

eter. Electrical conductivity was measured using a 
type PPTV-1 potentiometer. To prevent oxidation 
of the specimen when the electrical conductivity was 
being measured as a function of temperature, the 
experiments at elevated temperature were performed 
in a quartz container evacuated by a forevacuum 
pump. (The temperature was measured with a 
chromel—alumel couple and a type PP-6 potentio- 
meter.) The thermal conductivity was determined 
by the temperature-wave method, assuming that the 
specific heat of graphite does not change on irradia- 
tion. 

The linear dimensions are given in Table 1, which 
shows that the relative increase in length was less than 
0-02 per cent. Thus irradiation at ~400°C gives 
rise to a negligible volume increase. 

Fig. 1 shows the relationship between the electrical 
conductivity before and after irradiation and the 
temperature. The curves indicate that the absolute 
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Fic. 2.—Thermal conductivity of the graphite 
samples as a function of temperature: 

before irradiation 

after irradiation. 


radiation-induced resistivity increase is approxi- 
mately equal for all six specimens, and that, as 
expected, the additional resistivity is not observed to 
anneal over the whole of the temperature range. 

The changes in the slopes of the curves in Fig. | 
cannot at present be explained. Graphite is known 
to behave like a semiconductor, and therefore the 
conductivity is very sensitive to the presence of 
impurities; however, graphites of different degrees 
of graphitization have different amounts of impurities, 
since the purification of this material occurs 
simultaneously with graphitization. 

Fig. 2 illustrates the temperature dependence of the 
thermal conductivity of specimens No. 1, 3, 4 and 6 
before and after irradiation. The changes produced 
by radiation point to a diminution of the areas with 
homogeneous structure, and make each specimen 
appear to possess a lower degree of graphitization. 
For example, the curve for specimen No. | (after 
irradiation) almost coincides with that for No. 3 
(before irradiation), and similarly for Nos. 3 and 4. 
The radiation-induced lowering of thermal con- 
ductivity is smaller for the less graphitized samples 
(50 per cent for Nos. 1 and 3 at 109°C; almost zero 
for No. 6). The absolute changes in thermal 
resistivity (1/A in engineering units) for Nos. 1, 3 and 
4 are 0-009, 0-0137 and 0-010, respectively, at 100°C; 
the accuracy of the measurements was 10 per cent, 
and the relative change in thermal conductivity for 
No. 6 was within this limit. 


Conclusions 


1. The absolute radiation-induced changes in 
electrical and thermal resistivities are, within the 


accuracy of the measurements, independent of the 
degree of graphitization. The relative changes in 
electrical resistivity and thermal conductivity are 
smaller for the less graphitized samples. 

2. The relationship between thermal conductivity 
and temperature indicates that the radiation-induced 
breakdown of the crystal lattice in graphite has the 
same effect on the propagation of thermal vibrations 
as the crystallite boundaries or impurities. 

3. The mechanism by which radiation affects the 
electrical conductivity of graphite appears to be that 
of forming additional traps for the current carriers. 
This suggestion is confirmed by the radiation- 
induced changes in the Hall coefficient which we 
observed previously. 

4. Swelling was practically absent in our experi- 
ments, which suggests that this phenomenon is due 
to less stable forms of radiation damage. 

It must be pointed out that if graphite is irradiated 
at room temperature, the swelling effect is quite 
stable, and is only removed by annealing at tempera- 
tures of at least ~2000°C. This suggests that 
radiation annealing occurred during our experiments, 
in virtue of the fact that certain crystal lattice defects 
are considerably less stable under the simultaneous 
action of heat and radiation than under the action 
of heat alone. 
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The Conductivity of Polythene 
under Gamma Irradiation 


(Received 7 November 1959 and 
in final form 5 February 1960) 


Tue electrical conductivity of specimens of 
polythene film has been measured in vacuo with 
and without y-irradiation. The specimens were 
0-005 in. thick, and silver electrodes were evaporated 
on to each side of the specimen to provide as intimate 
contact as possible with the dielectric material. The 
measurements were made at about 25°C with a dose 
rate of 0-014 r/min from a small Co® source, using 
an applied potential of 90V. 
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Fic. 1. Typical curves showing the rise and decay 
of conductivity during and after irradiation. 


The time constant of the measuring system was 
about 10sec while exposure to or removal of the 
source took 15 sec. The rise and fall of conductivity 
on exposing and removing the source and the steady 
values were determined. It was found that the initial 
settling period of the system was about 3 days, while 
subsequently the time to achieve a steady value 
varied from specimen to specimen, but was between 
1 and 12 hr. 

The rise and decay curves were plotted in the 
normalized form 


$5 ‘== Beg te 
decay d = ——. 


: ie3 lo 
rise 5 = ———— versus log 1, 


to — la lao lo 
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where 7 is the current flowing, subscripts indicate the 
time and ¢ is the time in minutes from the application 
or removal of the source, and were found to be 
accurately reproducible for each specimen. A typical 
pair for specimen 3 is shown in Figure 1. 

The initial and final conductivities of 
different specimens, together with the time taken for 
d or s to achieve the value 0-5 are given in Table 1. 
The constant in the relation due to Fow er") 


- kr®8 


three 


F -—1% 


where o is the steady conductivity under irradiation’ 
6, is that without irradiation and r is the dose rate in 
rad/min, is also given. The initial and final con- 
ductivities were independent of the applied polarity. 

The mean values of k deduced from this and other 
work are shown together with the dose rate and 
induced conductivity in Table 2. With the exception 
of that deduced from the results of MAyBurG and 
LAwrENCE™), these values agree to within a factor 
of four, and there is no systematic variation with dose 
rate. Since some authors used commercial cable and 
others sheet and tubing from various sources, the 
agreement obtained must be regarded as satisfactory. 

The present work differs from the previous in that 
in these experiments the time taken to reach equilib- 
rium after exposure to radiation was the same order 
as the decay time, and that neither the hyperbolic 


TABLE | 


Oo 


S 20] > 
ee (ohm-! cm-! x 1019) 


Alkathene 7F 


Alkathene 7F 
previously irradiated 
with 25M rad of 
2MeV electrons 


Bakelite DFD 4400 


(ohm-* em x 10**) 


k 
(ohm-! cm! rad~°8 
min 1019 


009 8 ta 
(min) (min) a 


1050 


18-2 + 0-7 


TABLE 2 


Dose rate 


Author (rad min-) 


WINTLE 

WARNER et al.'?) 
Fow.er'! 

Fence & KENNEDY’) 
Maysurc & LAWRENCE")? 
CoLeMAN & Boum!) 
Meyer et al.‘® 


Induced conductivity k 


tQ** 


(ohm-! cm-?) (ohm-! cm- rad~°8 min 8) 


x 10-18 
¢ 10-** 
x 10-1" 
x 10-16 
x 10-17 
¢ 10-15 
1 x 10-4 


Op © 


NO NO Go 
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relation proposed by FowLer™) nor the exponential 
decay found by Meyer et al.‘®) fits the observed 
decay curves. It was also noted that the sum (s + d) 
equalled unity within the limits of experimental 
error, despite the systematic difference in time 
constants. 

The reported G values for cross-linking, hydrogen 
formation and production of trans-vinylene un- 
saturation in polythene have been summarized by 
CHARLEsBY and SwaLitow'”), The values obtained 
are around 3 for each type of event. If therefore it is 
assumed that the main current carriers are electrons, 
and that the relevant damage is due to pair formation 
requiring 30 eV per event, then it appears that the 
induced conductivity is due to one electron reaching 
the anode for each 200 pairs formed. 

A further significant feature is the greatly increased 
static conductivity of film previously irradiated to a 
total dose of 25 Mrad. This prior exposure gives rise 
to about 3 x 10!® C—C bonds, and an equal number 
of cross-links per gramme, and would constitute a 
high concentration of impurity centre. This is not 
reflected in any outstanding change in the time 
constants, or in the magnitude of the induced 
conductivity. 

The discrepancies between the various authors may 
arise from several causes, of which the most probable 
are differing impurity content, orientation in films 
and extruded material and electrical or mechanical 
distortion near the electrodes. Further investigations 
are to be carried out on these points. 
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Preparation of Carrier-free Cr*! 


(First received 12 November 1959 and in 
final form 28 December 1959) 


UnTIL now only one procedure has been published 
dealing with the preparation of carrier-free Cr®!, 
namely by Gite and Garrisson™) who made use of 
co-precipitation on iron hydroxide, although several 
authors'?-3-4-5-6) reported procedures to prepare Cr®4 
of high specific activity by the Szilard-Chalmers 
effect. As co-precipitation is not selective, it seemed 
worthwhile to investigate a more appropriate method 
to separate this isotope. 


Nuclear data 


Chromium-51 decays by E.C. and gives, by 
branching, a 0-323 MeV y for 9 per cent, the half-life 
being 27-8 days. 


Separation procedure 


As already described by Gite and Garrisson, 
Cr®! can be produced by (d,n) and (d,2n) on V* 
and V®*! which occur for 0-25 and 99-75 per cent 
respectively of the natural element. 

Competing nuclear reactions are not likely to 
cause radiochemical contaminations from the vana- 
dium target as the titanium isotopes formed by (d,«) 
reactions are stable, whereas V*? formed by a (d,p) 
reaction has a half-life of only 3-7 min. When using 
however the inner beam of a cyclotron, as is the case 
with the Louvain cyclotron, it is necessary to solder 
the target material to the target holder to provide 
adequate cooling. In this case a large number of 
interfering isotopes are formed and a specific separa- 
tion procedure is desirable. 

Several authors‘*:91® have already described the 
separation of chromium as CrO,Cl, by distillation 
from a perchloric acid solution in the presence of 
hydrochloric acid. Experiments demonstrated that 
this procedure is suitable for the quantitative distil- 
lation of tracer amounts of chromium. The basic 
procedure was slightly modified by the use of gaseous 
HCI instead of an aqueous solution, so as to avoid 
dilution of the perchloric acid. It also ensures a 
smoother distillation in the presence of solid materials. 
Other volatile chlorides such as those from arsenic, 
antimony and tin, possibly present due to the use of 
solder, distil under these conditions. They can be 
removed, if necessary, prior to the chromium 
distillation, by the procedure of ScHERRER"), 
Tracer experiments using As’®, Sb!24, Sn!2! and Cr®! 
indicated that the removal of the arsenic, antimony 
and tin is quantitative, whereas the chromium does 
not distil under these conditions. Experiments using 
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Fic. 1. Apparatus for the distillation of chromium. 


V48 and Fe®® showed that these elements do not distil 
throughout the whole proposed procedure. 


Procedure 


The irradiated vanadium target is transferred into 
a platinum dish and dissolved by heating in approxi- 
mately 5 ml of conc. HF. The excess HF is removed 
by fuming down with 10 ml of conc. H,SO, whereafter 
the sulphuric solution is quantitatively transferred 
into the distillation apparatus represented in the 
figure. (See Fig. 1.) 

The rinsing water used is removed by distillation, 
whereafter 50 ml of conc. HCl are added dropwise at 
a bath temperature of 240°C. After complete 
distillation of arsenic and antimony as their chlorides, 
50 ml of a mixture of HCl/HBr (3/1) is also added 
dropwise at the same bath temperature to insure the 
removal of tin as SnBr,. The separatory funnel A is 
now replaced by the HCI inlet tube B. The bromine 
formed is swept from the solution by the gaseous dry 
HCI stream. Thirty ml of 70°, HClO, are added 
and the chromium tracer is distilled as CrO,Cl, 
during approximately 30 min at a bath temperature 
of 250°C. A slow, dry HCl stream is maintained 
throughout the distillation. The chromyl chloride is 
collected in approximately 5-10 ml of water. ‘This 
solution can be taken to dryness, without chromium 
losses, after the addition of a small excess of hydrazine 
hydrate. The excess hydrazine is finally destroyed 
with 6N HNO. 


Discussion 

A typical distillation in the presence of As*®, Sb!4, 
Sn?21, V48 and Fe®, is represented in Table 1. 

As can be seen from Table 1, the removal of As 
and Sb is practically quantitative, whereas 1-4 per 
cent of the Sn does not distil. Only 0-03 per cent of 


TABLE | 


Distillation of volatile elements % distilled 


As 99-7 


Sb 99-1 
Sn 98-6 
Fe 0 

V 0-02 
Cr 0-03 

Distillation of CrO,Cl, 

Sn 0-03 
Fe 0 

V 0-02 
Cr 99-93 


however distils in the subsequent 


Both iron, which can also be 


the total tin 
chromium distillation. 
present as a trace element, and vanadium, which 
forms the bulk of the solution, do not distil to an 
appreciable amount throughout the whole procedure. 
It is also apparent the chromium yield is quantitative. 


Thick target yields 

The thick target yields of Cr*!, 
bombardment of vanadium metal by 11 MeV and 
25 MeV deuterons respectively in the Louvain and 
Amsterdam cyclotrons were computed by  7-spec- 
trometry of the 0-323 MeV photopeak according to 
Bett e¢ al!2 A 3in. x 3 in. NalI(Tl) crystal was 
used, coupled to a single channel spectrometer. As 
the Cr*! was present in solution, we did not succeed 
in preparing sources with a radius smaller than 
0:-4cm. The mathematical treatment of the counting 
efficiency as a function of the source radius shows 
however that in our case, for a 3 in. x 3 in. crystal, 
a source of 0-40 cm at source distances of 6 and 
10 cm, will not cause a different counting efficiency 
than the one obtained with a point source. 


produced by 
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TABLE 2 


0-323 MeV 
y yield 
(wC/uA.h) 


Source to 
detector distance 


This mathematical treatment is described in detail 
by GrosjEAN"?), 

Results are summarized in Table 2. 

From Table 2 it appears that the average Cr*! 
yield is 4-4 wC/uwA.h and 10 wC/uA.h for deuteron 
energies of respectively 11 and 25 MeV. These 


yields are computed from the 0-323 MeV y-rays 
gamma’s and are not corrected for the fact that this 
y occurs for only 9 per cent of the total Cr®! decay. 


Summary 

A method was devised to prepare carrier-free Cr*4 
from deuteron irradiated vanadium targets. The 
chromium is distilled quantitatively as CrO,Cl, after 
removal of arsenic, antimony and tin, which can be 
present as impurities if the target is soldered to the 
target holder. The main element vanadium as well 
as traces of iron do not distil. The thick target yields, 
determined by y-spectrometry of the 0-323 MeV y 
only, were found to be 4-4 wC/wA.h and 10 wC/uA.h 
for deuteron energies of 11 MeV and 25 MeV 
respectively. 
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Suitability of Various Plating Media for 
Counting Bacteria after Exposure to 
Gamma Radiation 


(Received 22 December, 1959) 


THE type of medium on which Escherichia coli B/r is 
grown after irradiation markedly affects the surviving 
fraction of the population. Survival is greater on 
more complex media, because certain factors are 
present which assist the irradiated cells to recover 
from the lethal effect of radiation.” Woerssr'?) 
found such an effect with vegetative cells of Bacillus 
species but was unable to demonstrate any effect with 
the corresponding spores. DONNELLAN and Moro- 
witz) were also unable to obtain a post-irradiation 
medium effect with spores of Bacillus subtilis, likewise 
Davyporr and Ducartez,>) with Serratia indica, 
while ALPER and Giiutes‘*;”) reported that E.coli B 
survived X-irradiation better on media which were 
sub-optimal for growth. In view of these conflicting 
reports it was decided to make a short study of the 
extent and frequency of post-irradiation medium 
effects. In this laboratory we are concerned with the 
application of irradiation to food preservation and to 
the sterilization of pharmaceuticals, and a plating 
medium capable of detecting every organism 
surviving treatment is required. 


Experimental 


Six organisms were used, Staphylococcus aureus, 
Streptococcus faecalis, E.coli B/r, E.coli B, B.subtilis (spore 
and vegetative forms), and a green pigmented 
Pseudomonas sp. isolated from a chicken carcase. Two 
24 hr cultures, grown at 30°C on each of the five 
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media described below, were used except with spores 
of B.subtilis, when 7-day cultures on nutrient agar 
only were used. The cells were washed off the agar 
slopes with M/15 phosphate buffer (pH 7), shaken, 
centrifuged, and resuspended in buffer. Distilled 
water was used instead of buffer for the spore 
suspension which was heated to 80°C for 10 min 
before use. Ten ml quantities were irradiated under 


*Oxoid’’ nutrient 
added 1% 
pH found to be 


Medium 4. Glucose nutrient agar: 
agar to which was 
before autoclaving, 
approximately 7-4. 

Blood agar: ‘‘Oxoid’’ blood 
prepared according to maker’s instruc- 
tions to which added 5% horse 
blood. The pH was approximately 7-4. 


glucose 


agar base 


Medium 5. 


was 


Tas_e |. Mean surviving fractions on five plating media of different complexities of various organisms after y-irradiation 


’ Dose 
Organism (krad) 
1 2 
E.coli 30 7-68 5°39 
B/r KLOrF K 10 
E.coli 10 8-84 3-77 
B 10-3 C1? 
Staph. 50 not not 
aureus tested tested 
Strep. 100 not not 
faecalis tested tested 
Pseudomonas 10 not 6-92 
sp. tested Io 
B. subtilis 50 not 1-42 
(vegetative) tested ee |) ae 
B. subtilis 200 4-50 7:73 
1O=* 10-* 


spores) 


Plating medium* 


Significance 
of post-irra- 
diation effect 


3 + ) 
6:49 7:27 8-91 0-1 
10-2 10-2 10-2 
$-53 3-47 1:05 0-1 
10-3 10-3 10-2 
1-99 3-00 3°47 
10-4 10-4 10-4 Oo 
2°55 2-78 3:96 5-0 
10-4 kK o4 iv not significant 
7-04 7:71 6-98 -5-0 
10-3 x 10-3 <x 10-% not significant 
1-16 1-13 8-87 5:0) 
LG 1O-* . 10-* not significant 
4-5] 7°47 5-80 5-0 
10-2 10-2 10-* |: not significant 


* See text for composition of media. 


aerated conditions with y-rays from a Co®® source at 

a dose rate of 312 krad/hr. The dose given to each 

species was calculated to give surviving fractions 

(<10 per cent) where any differences due to plating 

media should be detectable. A surface plate count 

was carried out immediately before and after irradi- 
ation on the following five media. 

Medium |. Glucose salts agar: NH,H,PO,, 0:1%; 
KCl, 05%; K,SO,, 0:05%; MgSO, 
7H,0, 0:05°%; KH,PO,, 0-194; glucose, 
10%; agar-agar, 1:5%; in double 
distilled water, pH adjusted to 7-4 before 
autoclaving. 

Medium 2. Casein amino-acids agar: KCl, 0-5%; 
agar-agar, 1:5°4; casein amino-acids 
(Difco), 1°4; in double distilled water, 
pH adjusted to 7-4 before autoclaving. 

Medium 3. Nutrient agar: ‘‘Oxoid”’ nutrient agar 
prepared according to maker’s instruc- 
tions, pH found to be approximately 7-4. 


All media were dispensed in 10 ml quantities and 
autoclaved at 10 Ib/in? for 20 min. The plates were 
incubated for 48 hr at 30°C. The simpler media 
(1 or 2) were omitted for certain organisms whose 
growth was known to be poor or absent on them. 

Analysis of variance was carried out on the results. 
Mean values of the surviving fraction of eacl 
organism on each of the plating media are shown in 
Table 1. These values are the mean of duplicate 
experiments carried out with cultures grown on each 
of the various media. 

It can be seen that E.coli B/r showed progressively 
better surviving fractions on media 1-5, in general 
agreement with the results of SrAPLETON, SBARRA 
and HoLLAENDER"™), It is also the only organism of 
the six where the extent of the post-irradiation effect 
is dependent upon the medium on which the cells 
were grown.'8) The work of ALPER and GILLIEs is 
also partly confirmed in that F.coli B survived irradia- 
tion better on medium | than on media 2, 3, or 4. 
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However, better survival was obtained on medium 5 
than on medium 1, and on medium 5 higher counts 
were obtained with unirradiated as well as with 
irradiated bacteria. No significant post-irradiation 
medium effects were observed with Pseudomonas sp., 
Strep. faecalis or B.subtilis (spores or vegetative cells). 
Although counts of B. subtilis spores on medium | were 
about 1/20th of those on media 2, 3, 4 and 5, whether 
before or after irradiation, the overall surviving 
fractions did not differ significantly. A small effect 
was found with Staph. aureus where survival was 
progressively greater on media 3, 4 and 5. 


Conclusion 


The post-irradiation medium effects described are 
not of great magnitude. They consist generally of a 
tendency to survive better on the richer media (with 
the exception of E.coli B on medium 1). There is no 
observable effect with B.subtilis, whether in the spore 
or vegetative state, Strep. faecalis or Pseudomonas sp. 
From the point of view of experimental radiation 
technology it is essential to detect every viable 
organism in the irradiated product, and we therefore 
recommend on the basis of the above data that where 
a plate counting technique is desirable, blood agar 
should be used so that the highest count of surviving 
organisms may be obtained. A more detailed account 
of these experiments together with effects of the pre- 
irradiation growth are being published elsewhere. ®) 
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An Autoradiographic Method of 
Examining Pencil and Ink Marks 
on Documents* 


(Received 23 April 1959) 


In criminological practice the detection of additions 
and corrections made later than the main text of a 
document is of great importance. It has been 
suggested") that the relative ages of marks on docu- 
ments written in ferric gallate ink, which contains 
large amounts of iron chloride or sulphate, can be 
determined from the extent of migration of chloride 
and sulphate ions from the ink marks into the surround- 
ing paper. However, the usual chemical development 
of the chloride halo gives satisfactory results only 
when the concentration of chloride ions in the ink is 
considerable. We have therefore replaced the method 
by autoradiographic development. 

The part of the document under investigation is 
soaked either in 0-1 N silver nitrate solution labelled 
with | mc.ml~! of Ag!! in 0-1 N nitric acid, or in a 
solution of thallous sulphate labelled with TI?, 
After 5 min the document is washed five times in 
0-01°, nitric acid to remove the excess of reagent, 
dried, and placed in contact with photographic 
paper in the dark. After one day the radiogram is 
developed and fixed in the usual manner. 

When investigating aniline ink marks, which 
contain negligible quantities of chlorides, we failed to 
detect ion migration, but found that the radioactive 
reagent is adsorbed by the dyestuff to give a radio- 
graphic image of the ink mark. Such adsorption is also 
obtained with ink prepared from chemically pure 
methyl violet in which chloride ions are practically 
absent. The image does not spread in air saturated 
with water vapour, and dimensionally corresponds 
almost exactly with the original ink mark. 

It was found that the degree of adsorption of silver 
by the ink marks depends on the age of the writing. 
As Fig. 1 shows, recent writing gives a more intense 
radiographic image than old writing. 

In contrast to acid dyestuffs, basic dyestuffs also 
adsorb radioactive isotopes in the form of certain 
anions, but in this case no age-dependence has been 
observed. Even writing faded with age, for example, 
gives distinct autoradiograms when treated with 
solutions of sodium sulphide, sodium iodide or potas- 
sium ferrocyanide labelled with S*, [31 and C}, 
respectively. Particularly good autoradiograms of 
writing carried out in violet and blue ink have been 
obtained using the complex anions [Fe(CN),]*, 
[Zn(CNS),]?-, [TIBr,]~ and [CdI,]?-, any atom of 
which may be labelled. The last three are readily 


* Translated by G. Rypack from Atomnaya Energiya 
7, 384 (1959). 
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Bag 
, 628 


Fic. 1. Autoradiogram of writing in methyl 
violet ink, after treatment with silver nitrate 
solution labelled with Ag!2°, 

Age of main text, 1-5 years; age of added 
figures (5 and 6, using the same ink), | month. 


610 6.29 
yy Oo 


(a) (b) 


Fic. 2. (a) Photograph of writing in methy- 

lene blue ink (two central figures of each line 

and in “T's”? brand methylene blue ink (first 
and last figure of each line). 

(b) Autoradiogram of the same specimen 

after treatment with potassium ferrocyanide 
solution labelled with C!, 


Fic. 1. Liquid sample changer. 
M,—motor for vertical movement of test-tubes: 


Miu—motor for rotation of disk and horizontal move- 
ment of test-tubes; P—pointer indicating last tube 
to be counted. 
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formed by dissolving, respectively, zinc sulphate in 
an excess of potassium thiocyanate, thallous sulphate 
in potassium bromide and cadmium sulphate in 
sodium iodide. 

In conformance with the Fajans-Paneth rule, the 
anions that give the least soluble compounds with 
the dyestuffs are the most strongly adsorbed and 
therefore yield the most distinct autoradiograms. 
This enables inks to be differentiated, and later 
additions to be detected. For example, writing in 
blue ink prepared from ‘“Ts” brand methylene blue 
adsorbs ferrocyanide ions more strongly than writing 
in ink containing an ordinary methylene blue 
dyestuff. This is clearly seen in Fig. 2. 

The paper itself also adsorbs radioactive isotopes, 
especially if the latter are in the form of cations. ‘Third 
grade writing paper adsorbs the ions less strongly than 
top and second grade paper of the same kind. Sized 
paper with large amounts of filler adsorbs silver ions 
to such an extent that ink marks are with great 
difficulty distinguished from the general background 
of the autoradiogram. 

The marks made by graphite pencils, graphite 
copying pencils and coloured pencils also adsorb 
radioactive isotopes. In the case of pencil marks 


containing basic dyestuffs, adsorption is due to the 
latter, and age-dependence is not always observed. 
Acid dyes present in a pencil mark (e.g. eosin) 


adsorb almost exclusively only anions. Soft graphite 
pencil marks containing more graphite and lamp- 
black, adsorb actions better than marks made by 
hard pencils. Printing ink also adsorbs silver and 
thallium ions. 

This radioisotopic method makes it possible in 
certain cases to prepare more distinct photographic 
copies of poorly legible documents, and to detect 
additions made in a different writing medium or at a 


different time. 
B. E. GorDOoN 


V. K. ListcH—ENKO 
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An Automatic Changer for Liquid Samples 


In radiochemical and radiomedical work the y- 
activity of liquid samples is usually determined with 
the aid of a well-type Nal-scintillation counter. If 
large numbers of samples must be dealt with, 
manual handling of test-tubes and lead shielding 
becomes tedious and time consuming. In order to 
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eliminate this labour automatic changers for well-type 
counters have been developed.“:2) In this note 
another instrument of this kind is briefly described, 
which can handle up to 50 samples. In radiochemical 
work the changer can simultaneously be used as a 
fraction collector, e.g. in combination with an ion- 
exchange column. 

Fig. 1 shows a photograph of the instrument, 
Fig. 2 gives a schematic cross-section. Fifty poly- 
thene tubes can be placed in slots of a Perspex disk K. 
This disk turns through one position each time a 
tube is changed. After the disk has turned gripper G 
(Fig. 2) actuated by gripper magnet M picks up a 
tube. Then the carriage F together with tube 7’ 
which contains the gripper mechanism moves to the 
right (in Fig. 2) so that the test-tube is brought 
outside the perimeter of the disk. When the carriage 
has reached its extreme position the test-tube is 
lowered into the well-counter by a motor M;, which 
moves tube 7’ vertically. Apart from the gripper and 
its magnet, T contains a lead-filled section L which 
just closes a hole in the lead shield of the well-counter 
when T is all the way down. Counting is started 
automatically as soon as the test-tube has reached its 
bottom position. After a predetermined count (or 
time) the scaler stops and prints elapsed time (or 
number of counts). Simultaneously the changer is 
started; the test-tube is taken up and replaced in its 
slot in the Perspex disk. 

The disk then turns to the next position and so on. 
The horizontal movement of the carriage F and the 
turning of the disk are accomplished by a motor Mn. 

The sequence of the actions is determined by 6 
microswitches $,—S, that switch the motors and the 
gripper magnet through a system of relays contained 
in the programming unit U mounted at the rear of 
the instrument. Three of the microswitches ($,,S, and 
S, in Figs. 2 and 3) are actuated by extensions on the 
gripper tube, the other three (S,, S; and S,) are 
actuated by three switching wheels driven by Mn. 
Fig. 3 gives the circuit of the programming unit. 

If it is desired to use less than 50 tubes, a pointer P 
(Fig. 2) may be put to the position of the last tube 
to be counted. At that position a microswitch 
(S, in Figs. 2 and 3) is closed and the programme 
is modified. Motor M; then turns the disk to its 
starting position forgetting the empty positions; My 
and M remain inactive. Once the starting position 
is reached the normal programme is resumed because 
S, opens. The changer may also be made to stop at 
the position indicated by the pointer, this is achieved 
by putting S,, (Fig. 3) of the programming unit in 
the position “‘stop’’. 

Some further details of the operation have been 
explained in the subscript of Fig. 2. 

The polythene tubes, moulded according to our 
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specifications, are dispensable. They have a rim on 
which the grasping mechanism has a good grip. 
Provided a large number of these tubes are used the 
cost per piece is quite low (about twopence). 

The instrument can be used in combination with 
any printing scaler. When the scaler stops, a change 
of tube is initiated by the closing of relay contacts in 
the scaler, connected to the posts marked ‘‘change”’ 
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which may be used to start the scaler (posts marked 
“‘start’’). 

By the time the “‘start”’ relay in the sample changer 
closes the “change” relay from the scaler must be 
open again, otherwise a second change starts at 
once. 

The time required for a change of tube, determined 
by the speed of the motors, is about 25 sec. A shorter 


time could be realized by a change of the reduction 
gears (R; and Ry in Fig. 2); for normal measuring 


in Fig. 3. While a change is in progress scaler 
resetting contacts will be closed momentarily between 
the posts marked “reset”. After completion of a 
change a relay is closed in the programming unit 


times, however, this appears to be hardly worth 
while. 
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Fic. 2. Schematic cross-section of sample changer. A—shaft driven by motor My through reduction gear Ry. B—maltese 
cross, coupling axis A to axis A’. C—eccentric pin which turns disk C’ and Perspex disk K through one position for 
each revolution of axis A. D—eccentric pin driving arm E which moves the carriage F horizontally. F—carriage on 
which the motor M;, driving the gripper tube T vertically, is mounted. G—gripper. H—polythene test-tube. 
J—connecting shaft between gripper and gripper magnet M. K—Perspex disk holding up to 50 test-tubes. L—lead 
shield. \4—gripper magnet. M,;—motor for vertical movement of test-tubes. My—motor for horizontal movements 
of test-tubes. P—pointer indicating last tube to be counted. R;—reduction gear for Mi (25 rev/min). Ry—reduction 
gear for My (4 rev/min). S,—S,—microswitches. T—tube containing gripper mechanism. U—programming unit. 
W—wheels actuating microswitches 5,—S,. 
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Fic. 3. Circuit diagram of the programming unit. 
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A Total Body Irradiation Chamber 
and Its Uses 


(Received 22 January 1960) 


Over the past several years, there has been increasing 
interest and need to find agents which protect against 
radiation injury. The interest antedates the Hirosh- 
ima and Nagasaki bombings, but these incidents 
spurred the study and resulted in the tabulation of a 
large body of data." 

Information delineating the relationships of dosage 


range and resulting tissue and organ damage begins 
to accumulate. The LD-50 and LD-100 dose levels 
for small animals, such as mice and rats, have been 
established. For the rhesus monkey, the LD-50-—30 
days is stated to be 570 + 25 r.®) For the burro, the 
median lethal range has been found to be from 532 
to 784 r) For calves of an average body weight of 
115 kg, 600 r TBI was found to be in the LD-100 
range.) It has been generally believed that the acute 
lethal dose of TBI in man is in the range of 400 to 
600 r.() 

A reactor accident at the Y-12 plant of Oak Ridge 
National Laboratory occurred in June 1958. Five 
men received exposures (neutron) of from 201 to 
320 rem. All recovered and survived with only 
supportive measures being carried out.) More 
recently, a Yugoslav reactor accident exposed six 
workers. It is believed that the exposures ranged 
from 500 to 1000 r. Bone marrow transplants were 
employed, but not until at least four weeks had 
elapsed. One patient died. 

Investigation in animals‘®) and reactor accidents 
in man, suggest that autologous and homologous 
bone marrow transplants may help to decrease 
morbidity and mortality resulting from TBI. 

At several medical facilities throughout the 
world, TBI as a treatment for leukemia is under 
way. (7,8,9,10,11) 

The interest of most of the investigators relates 
(a) to the values of TBI as a treatment for leuk- 
emia, and 
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(b) to the value of BMT (bone marrow transplant) 

to control the detrimental effects of TBI. 

There is general interest in the problem of achieving 
successful homologous marrow transplants. A great 
deal of study is under way on the immune mechanisms 
involved in TBI and tissue transplants, homologous 
and heterologous especially. 

In small animals, homografts have been achieved."!?) 
In man, the data accumulating still leave in doubt 
several questions; a few of these are: 

(1) Can the lethal dose of TBI in man be estab- 

lished with some accuracy ? 
Can the limits of sub-lethal 
extended by the use of BMT? 
Can the fact of “take”? of homologous tissue 
transplants be proven? 

How do autologous and homologous bone 
marrow transplants affect the morbidity and 
mortality resulting from TBI ? 

In the hope of finding answers to these questions, 
there has been constructed at the City of Hope 
Medical Center, a chamber for total body irradiation. 
One variable which may affect immune reactions 
leading to rejection of marrow transplants is the lack 
of uniformity of irradiation. In small animals, uni- 
form radiation is easily achieved, and in small animals 
homologous BMT has succeeded. In larger animals, 
homologous tissue transplants have failed to take. To 
exclude the irregular distribution of radiation as a 
possible cause for the transplant failure, the TBI 
chamber at the City of Hope is so constructed as to 
give completely uniform irradiation. 
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Fic. 1. Floor plan of the chamber. 
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The chamber is approximately 11 ft x 11 ft. It 
contains four wells which are 12 ft deep. In each 
well, a steel rod rides up and down on a chain-drive 
mechanism. The four rods house at either end, and 
6 ft apart, a 300 c cesium~!*’ source in the International 
standard source container. The sources are stored, 
when not in use, in the wells. Controls are outside the 
chamber. The ‘‘on”’ position of the sources locates 
them at the ends of the columns. 

The chamber affords a practical means of achieving 
uniform TBI. The physics involved in preliminary 
work includes the development of beam shaping 
devices, determinations of r-output per hour which 
is maximum at 250 r, and development of lead filters 
or absorbers to decrease the r-output to desired levels. 
Studies in dosimetry are in progress, and measure- 
ments of absorbed dosage in organs as a whole will be 
made in phantoms and cadavers. 

The experimental therapeutic approach involves 
the treatment of selected leukemic patients. 

We propose also to study the effect of TBI in doses 
up to 2000 r—2400 r, probably fractionated, in patients 
suffering from advanced, wide-spread neoplastic 
disease, i.e. testicular neoplasms with generalized 
metastases, prostatic cancer with widespread skeletal 
metastases, etc. These patients will receive the 
routine supportive measures plus homologous bone 
marrow transplants. 
Department of Radiology 
City of Hope National Medical 
Center, Duarte, California 


MELVILLE L. JAcoBs 
Leon Pape 
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Fic. 2. Diagram of the chamber, demonstrating the “‘source off” and 
“source on”’ positions. 
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Fic. 3. Diagram of the chamber demonstrating 
theoretically the beam pattern from the eight 
sources. 
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Radiation Warning Signs for 
Medical Installations 


(Received 18 December 1959) 


Art last count there were 71 national and international 
organizations that have something to say about what 
should or should not be done regarding radiation 
warning signs. Within the next few years there will 
be at least fifty more state organizations that will 
prescribe radiation warning signs by law. It is 
rapidly becoming impossible for any one person to 
maintain either an unbiased position or complete 
legality within all of these regulations. 

The Medical Division at the Oak Ridge Institute 
of Nuclear Studies has training courses and visitors 
from many different countries. It attempts (but not 
with complete success) to follow as many as possible 
of the national and international regulations con- 
cerning radioisotopes without interfering with a 
sensible medical use of radioactivity. Although it is 
manifestly impossible to follow the recommendations 
of every group of experts in this field, the health 
physicist for the Medical Division was given the 
onerous task of devising a group of “radiation 


b] 


warning signs.”” We feel that this meets most of the 
sometimes divergent instructions and is at the same 
time adaptable to most medical situations. ‘These 
radiation warning signs are printed in magenta ink 
on yellow cardboard (see Fig. 1). The instructions 
concerning these signs as written by Mr. 
R. J. Cloutier are applicable only to the house staff 
of the ORINS Medical Division. 


RADIATION WARNING SIGNS 


1. Purpose 


Radiation warning signs are to be used to inform 
personnel of real or potential hazards from radioactive 
materials, and of the steps or procedures required to 
avoid these hazards. These signs must be used in 
accordance with the instructions of this directive. 
Each person using or responsible for radioactive 
materials or radiation that constitutes a real or 
potential hazard is responsible for posting signs. 
The radiation safety officer or the building health 
physics representative should be called on for posting 
instructions not covered specifically by this section. 
The building health physics representative will 
maintain a supply of signs for use by the divisions. 


2. Types of Signs: 
Type I. Caution—Radioactive Materials Area (used to 
indicate the presence of 500 yc or more). 
Posting Requirements. .Each room or area in which 
radioactive material is used or stored in an amount 
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greater than 500 wc shall be posted with the Type I 
sign. This does not prohibit the use of the sign for 
smaller quantities if posting would assist in reducing 
the possibility of hazard. The right-hand side of the 
sign shall be used to record pertinent information 
which must be known by persons entering the area to 
insure or increase their radiation safety. Examples 
of the types of information that may be required are 
as follows: 

1) Types and quantities of radioactive materials 
in the area 
location of the radioactive material in the area 
requirements for entry into the area 
person to call in an emergency 
requirements for personnel monitoring on 
leaving the area. 


Type II. Caution—Radiation Area (used to indicate that 
radiation exposure rates exceed 5 milliroentgens per hour). 


Or CO ho 


Posting Requirements. Each room or area accessible 
to personnel in which radiation exists at such levels 


i. 


that a major portion of the body could receive in any 
one hour a dose in excess of 5 mr or in five consecutive 
days a dose in excess of 100 mr shall be posted with 
the Type II sign. The right hand side of the sign 
shall be used to record pertinent information that 
must be known by persons entering the area to insure 
or to increase their radiation safety. Examples of the 
types of information that may be required are as 
follows: 

(1) See numbers | to 5 under Type I sign 

(2) floor plan of the area showing the location and 

level of radiation 
(3) personnel dosimetry requirements to enter 


the area. 
Type III. Caution—High Radiation Area (used to 
indicate that radiation exposure rates exceed 100 


milliroentgens per hour). 


Posting Requirements. Each room or area accessible 
to personnel in which radiation exists at such a level 
that a major part of the body could receive in any one 
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hour a dose in excess of 100 mr shall be posted with 
the Type III sign. The right-hand side of the sign 
shall be used to record pertinent information that 
must be known by persons entering the area to insure 
or to increase their radiation safety. Examples of the 
types of information that may be required are as 
follows: 

(1) See numbers | to 5 under Type I sign 

(2) see numbers 2 and 3 under Type II sign. 


Type IV. Caution—High Radiation Area—When Unit 
is Operating (used to indicate that radiation exposure rates 
exceed 100 milliroentgens per hour when unit is operating). 

Posting Requirements. Same as for Type III except 
that the sign is to be used where high radiation levels 
exist only when the unit is operating. In addition 
to the sign, some form of alarm (light or bell) must 
indicate when the unit is operating. 


Type V. Caution—Radioactive Material Contamination 
(used to indicate the presence of contamination). 


Posting Requirements. To be used only under the 
direction of the radiation safety officer or the health 
physics representative. When contamination exists 
the health physics representative is to be called for 
specific posting instructions. 

M. Brucer 
Oak Ridge Institute of R. J. CLoutier 
Nuclear Studies, Oak Ridge 


Tennessee* 


* Under contract with the United States Atomic Energy 
Commission. 


Nomenclature for Standards 
of Radioactivity 


(Received 18 January 1960 


Ir is proposed that nomenclature developed in a 
previous paper Classification and fon 
Standards of Measurement be used in connection with 
radioactivity standards. 

My colleague, W. B. MANN, has suggested that I 
comment on the nomenclature used in his article 
The Preparation and Maintenance of Standards of Radio- 
activity.) In a recent article® I proposed a system 
of classification and nomenclature standards of 
measurement. While this has not been 
adopted by the U.S. National Bureau of Standards 
it has come into widespread use in that Bureau and 
elsewhere. I should like to suggest its application to 
standards for radioactivity and to set forth some of the 
reasons which led to its development. 

The system involves a two-dimensional classifi- 
cation—into categories and orders. (See Fig. 1. 
The categories indicate the nature and use of the 
standards and the orders indicate the ‘‘authority”’ of 
the standards of each kind. Standards consisting of 
measured amounts of radioactive materials would 
fall into the category of calibration standards. 
Calibrated ionization chambers with their associated 
measuring equipment would be in the category of 
standard instruments. But placing these standards in 
these categories indicates nothing about the irquality, 
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reliability, or authority. To indicate this I propose 
the designation of orders. 

A single preparation of radioactive material or a 
group of them which have been selected by an 
international committee as the best embodiment of 
the units for radioactivity would be designated as the 
international standard. 

The preparations in the possession of the various 
national laboratories, either a single preparation or a 
group of them, which have been compared with the 
international standard would be called the national 
standard. 

To protect the national standards from the hazards 
of frequent use and to back up the national standards 
each national laboratory might have a group of 
standards which have been compared with the 
national standards and which would be called 
national reference standards. 

For ordinary work which would not require the 
utmost in accuracy other standards would be 
available which would be called national working 
standards. 

Various laboratories, hospitals, etc. would have 
their own standards which would ordinarily be 
compared with the appropriate national, national 
reference, or national working standards, according 
to the accuracy of the calibration required. These 
standards would be called laboratory reference standards 
with the name of the laboratory included when 
necessary. More briefly they would be called, for 
example, the Argonne Reference Standard or the 
Memorial Hospital Reference Standard. 

Each laboratory, if required, might have an array 
of standards for everyday use, calibrated by compari- 
son with their reference standard. These would be 
called laboratory working standards. (For some standards 
work I have found it necessary to suggest an additional 
lower order called shop standards, but I do not believe 
this is necessary for radioactivity standards.) 

I particularly deplore use of the adjectives primary 
and secondary in standards terminology. ‘These 
words are so common that everyone thinks he knows 
just what is meant by them and is not likely to use 
them in the precise sense that may be set forth in a 
definition. To some people primary standards are 
those which define our measuring system—those of 
mass, length, time, and temperature. All standards 
for units of other quantities would, according to this, 
then be secondary. These people would tell you that 
all radioactivity standards are secondary standards 
because they depend on the primary standards. Still 
others use the words primary and secondary to show 
relative superiority between different standards, and 
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some use the word primary to designate standards 
which can be accurately reproduced without 
reference to another standard and secondary to 
designate those which cannot be so reproduced. 

Another matter I should like to discuss is the 
concept “absolute”’. I believe this word was first used 
in the literature of measurement by Gauss—Deter- 
mination of the Earth’s Magnetic Field in Absolute 
Measure. By this he meant determination in terms of 
the arbitrary (or absolute) adopted units of mass, 
length, and time. These, with the unit of temperature, 
are the only strictly absolute units in our system. The 
ohm, the volt, and the ampere are expressible in 
terms of the absolute units. The standards which 
embody the absolute units can be called absolute 
standards, but a standard resistor should not be called 
an absolute standard even though its value may be 
accurately known in terms of the absolute units. 

The same considerations apply to radioactivity 
standards. If we had selected an arbitrary sample of 
radioactive material as a standard of radioactivity, 
regardless of the number of grams of active material 
it contained, or the disintegrations per second it 
undergoes, we could call it an absolute standard. On 
the other hand if we define a unit of radioactivity as 
that of one gram of radium, or as that which gives a 
certain number of disintegrations per second, no 
sample embodying this unit would correctly be called 
an absolute standard, because it depends on the units 
of mass or of time. However, the value of the standard 
in absolute measure might be very accurately known. 

I hope the views set forth may be helpful in 
developing a suitable and meaningful nomenclature 
for standards of radioactivity which will be consonant 
with the nomenclature gradually being adopted for 
other kinds of standards. I know that some difficulties 
will be encountered in overcoming the habits in 
terminology which have been built up over the years. 
No doubt most people will continue to use the words 
primary and secondary in describing standards 
regardless of what precise definitions some committee 
may attach to them, and these people will simply 
mean that somehow or other a primary standard is 


better than a secondary standard. 


A. G. McN 
National Bureau of Standards ae 


Washington 25, D.C. 
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ANNOUNCEMENT 
A Symposium on Radioactivity in Man, Whole 
Body Counting and Effects of Internal Gamma 
Ray Emitting Radioisotopes was held at 
Vanderbilt University, Nashville, Tennessee, on 
18-19 April, 1960. 

The conference was sponsored by the Section on 
Medical Sciences of the American Association for the 
Advancement of Science and was made possible by a 
grant from the United States Steel Foundation to the 
American Association for the Advancement of Science 
and is supported in part by the Division of Biology 
and Medicine of the Atomic Energy Commission, 
The Public Health Service and the Army Medical 
Research and Development Command. 

The program was as follows: 

Symposium Chairman : 
GeorGE R. MENEELY, M.D. 
School of Medicine 
Vanderbilt University, Nashville 5, Tenn. 


Monday 18 April, 1960 


Principles of gamma ray scintillation spectro- 
scopy and its use for human whole body 
counting, GERARD NiGH, Research Fellow in 
Physics, California Institute of Technology, Pasa- 
dena, California. 


Sodium iodide crystal human spectrometer, 
Argonne steel room, Leo D. MartTINeELti, 
Argonne National Laboratory. 


The new Los Alamos 47 liquid scintillation 
whole body counter, Ernest C. ANDERSON, Los 
Alamos Scientific Laboratory. 


Cosmic rays, radioactivity of materials and 
shielding, CHartes E. Roos, Associate Professor 
of Physics, Vanderbilt University. 


Photo-tubes, resolution and multichannel 
analyzers for human body counting, RayMonp 
L. WerLanp, Research Associate in Electrical 
Engineering in Medicine and Assistant Director, 
Vanderbilt University. 


Quantifying, locating and quantitating radio- 
activity in the human body, FE. E. MILLER, 
Argonne National Laboratory. 


Computer analysis of gamma ray spectra, 
Howarp L. Ro tr, Assistant Professor of Mathe- 
matics and Director of the Computer Center, 
Vanderbilt University. 


The Walter Reed army whole body counting 
program and methods of data processing, 
Major Kent T. Woopwarp MC. Chief, Depart- 
ment of Biophysics, Walter Reed Army Institute 
of Research, Walter Reed Army Medical Center. 


The navy’s radiation exposure evaluation 
laboratory [reel] project, Captain E. R. Kine, 
MC, U.S. Navy, Chief of Radiology, National 
Naval Medical Center. 


Dosimetry of internal radioactive isotopes, 
K, Z. Moreau, Director, Health Physics Division, 
Oak Ridge National Laboratory. 


Radium and mesothorium, J. B. Hursu, School 
of Medicine and Dentistry, University of Rochester, 
Rochester, New York. 


Blood sodium activation in nuclear accident 
monitoring, JoHN AvxIER, Health Physics 
Division, Oak Ridge National Laboratory. 


Monitoring reactor personnel, Major CHARLES 
RANDOLPH MC, USAF, Department of Biophysics, 
Walter Reed Army Institute of Research, Walter 
Reed Army Medical Center. 


Some applications of the Los Alamos whole 
body gamma ray spectrometer, Marvin A. 
Van Ditta, Los Alamos National Laboratory. 


Tuesday 19 April, 1960 


The shorter term biological hazards of a 
fall-out field, EUGENE P. Cronkite, Head, 
Pathology Division, Brookhaven National Labora- 


tory. 
Leukemogenic effects of low doses of ionizing 


radiation, Rospert M. HEyssEL, Assistant Director 
Vanderbilt University, Radioisotope Center. 


Human neoplasms induced by ionizing radia- 
tion, Louis HEMPELMANN, Professor of Experi- 
mental Radiology, University of Rochester School 
of Medicine and Dentistry. 
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Clinical turnover of radioelements, Captain 
Robert VAN Hoek MC, USAF, Department of 
Biophysics, Walter Reed Army Institute of 
Research, Walter Reed Army Medical Center. 


Some applications of the Los Alamos whole 
body liquid scintillation counter, WricuT H. 
LANGHAM, Los Alamos Scientific Laboratory, Los 
Alamos, New Mexico. 


Evaluation of radiation hazards, MERRIL EIsEN- 
BuD, Professor of Industrial Medicine, New York 
University—Bellevue Medical Center. 


A study of attitudes toward nuclear radiation 
among Davidson county, Tennessee residents, 
Epwarp L. McDmz, Assistant Professor of 


Sociology, JEANNE C. Rip.ey, Assistant Professor 
of Sociology, Vanderbilt University. 


The atom and the law, Dean E. BLyTHE STAsON, 
School of Law, University of Michigan, Ann 
Arbor, Michigan. 


Human radiation exposures, MARSHALL BRUCER, 
Chairman, the Medical Division, Oak Ridge 
Institute of Nuclear Studies. 


International news 


Panel Discussion 


Chairman: 


Joun BuGuer, Consultant on Nuclear Energy 
Affairs, Rockefeller Foundation, New York, 
New York. 

Panel: 

Cuar.es L. Dunuaw, Director, Division of Biology 
and Medicine, United States Atomic Energy 
Commission, Washington, D.C. 

RavtpH Kwnutti, Chief, Extramural Program, 
National Institute of Arthritis and Metabolic 
Disease, Public Health Service, Bethesda, 

Maryland. 

RussEL H. Morcan, Professor of Radiology and 
Radiologist-in-Chief of the Johns Hopkins 
University and Hospital, Baltimore, Maryland. 

JAmes STERNER, Eastman Kodak, Rochester, 
New York. 

Francis J. WEBER, Chief, Division of Radiological 
Health, Bureau of State Services, Public Health 
Service, Department of Health, Education and 
Welfare, Washington, D.C. 

GeorceE Wire, General Manager, Atomic Power 
Equipment Department, General Electric Gom- 
pany, San Jose, California. 
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Preparative Radiation Chemistry—I 


Reaction of Nitric Oxide with some Organic Liquids 
Induced by High-energy Electrons* 


ARNIM HENGLEIN 


Radiation Research Laboratories, Mellon Institute, Pittsburgh, Pa., U.S.A.+ 


(Received 5 March 1960) 


Radiation-induced reactions of carbon tetrachloride, chloroform, trichlorobromomethane, 
trichloronitromethane,1,1,1-trichloroethane and cyclohexane solutions of nitric oxide have 
been studied. Intense beams of 3 MeV electrons have been used and the reactions have been 
carried out up to conversions of about 10 percent. Some of the reactions studied are of preparative 
interest since they allow the laboratory synthesis of new compounds or easier synthesis of com- 
pounds already known. Trichloronitrosomethane is formed in carbon tetrachloride (G = 4-5), 
trichlorobromomethane (G = 5-2) and trichloronitromethane (G ~6). Dichloronitrosomethane, 
which has not been synthesized to date, is formed in chloroform (G ~ 0-5). Similarly, 1,1- 
dichloro-|-nitrosoethane has been observed in the irradiation of 1,1,1-trichloroethane. The pri- 
mary reaction product in cyclohexane is assumed to be cyclohexanone oxime which is immediately 
reduced by free organic radicals or hydrogen atoms to give the amine and the hydroxylamine. 
The observed reactions are explained by scavenging of free radicals from the radiolysis of the 
liquid by nitric oxide and, in some cases, subsequent changes of the nitroso compounds formed. 


LA CHIMIE PREPARATIVE DE RAYONNEMENT—I 
LA REACTION DE L’OXYDE NITRIQUE AVEC CERTAINS LIQUIDES 
ORGANIQUES INDUITE PAR LES ELECTRONS DE GRANDE ENERGIE 
On a étudié les réactions induites par le rayonnement des solutions de l’oxyde nitrique en 
tétrachlorure de carbone, chloroforme, trichlorobromométhane, trichloronitrométhane, 1,1,1- 
trichloroéthane et cyclohexane. On a utilisé des faisceaux intenses d’électrons de 3 MeV, en 
poursuivant les réactions jusqu’a une conversion d’environ 10 pour cent. Certaines des 
réactions étudiées ont un intérét préparatif puisqu’ils permettent la synthése au laboratoire de 
nouveaux composés ou bien la synthése plus facile de certains composés déja connus. Le 
trichloronitrosométhane se forme dans le tétrachlorure de carbone (G = 4,5), le trichloro- 
bromométhane (G = 5,2) et le trichloronitrométhane (G ~ 6). Le dichloronitrosométhane, 
jamais synthétisé jusqu’ici, se produit dans le chloroforme (G ~ 0,5). De facon pareille, on a 
observé le 1,1-dichloro-1-nitrosoéthane dans le rayonnement du 1,1,1-trichloroéthane. On 
suppose que le produit primaire de réaction dans le cyclohexane est l’oxime cyclohexanone, 
dont s’achéve la réduction immédiate par les radicaux organiques libres ou par les atomes 
d’hydrogéne pour rendre l’amine et hydroxylamine. On explique les réactions observées par 
le ramassement des radicaux libres donnés par l’action radiolytique de l’oxyde nitrique sur le 
liquide et, en quelques cas, par des altérations subséquentes des composés nitroso formés. 


MPENMAPATHBHAA PAJIMAWMOHHAA XUMUMSF—I 
PEARIMM ORMCH AB8OTA C HEROTOPbIMH OPPAHMYECKUMHU 
SKU JLKOCTAMM TO], JIEMCTBHUEM OBJIVYUEHHA 3JTERTPOHAMH 
BbICOROM JHEPrUU 
M3yuenbl payMaivoHHO-XHUMMueCKHe peak B pacCTBOpaX OKUCH a3z0TAa B YeTHIPeXX/IOPH- 
CTOM yrulepoye, XOpomopMe, TpuxX10pOpoMOMeTaHe, TpPHX1OpHuTpOMeTane, 1,1,1-1Tpu- 
xJOpoTane HM WHKIOreKcaHe. BbiIn 1puMeHeHbl MOUHbIe YUKU 91eKTPOHOB C dHeEprHeli 3 M9B. 


* This work was supported in part by the U.S. Atomic Energy Commission. 
+ Present address: Hahn-Meitner Institut fiir Kernforschung, Berlin-Wannsee, Germany. 


149 


1 


Arnim Henglein 


Peakynn mponozuainch qo ~10% mpeppamennii. Hekoroppie 43 M3y4eHHbIX peakunii 
HMHTepecHbI C TOUKH 3peHHA MpenapaTuBHOlt XMMMM, MOCKOJIbBKY OHM J{aloT BO3MO7KHOCTh 
yIpoOcTuTbh CyimecTByIOMMe MeTOAbI HM CHHTe3MpOBaTb HOBbIe COeAMHEHHA B JaGOpaTOpHbIx 
yC0BHAX. TpuxJlopHuTpo30metan OOpasyeTcaA B YeTHIPeXXJOpUCTOM yrulepose (G = 4,5), 
Tpux.iop6pomomertaue (G = 5,2) u Tpux.1OpHuTpomertaue (G ~ 6). B xopomopme obpas3yerca 
qux1opHurpo3ometan (G ~ 0,5), KOTOpbIii He ObII CHHTe3MpOBaH JO HaCTOAWeroO BpeMeHH. 
Takae Obi OOHapyaKeH 1,1-qux10p-1-HuTpos09TaH, OOpa3syromniica Mpu oOmyuenun 1,1,1- 
Tpuxaopstana. IlpeqnomaraetcA, 4TO TepBUYHBIM MpOAYKTOM peakIMn UWMKIOrekKcana 
ABIAeCTCH IWMKIOPeKCAHOH OKCHM, KOTOpPbIii HeMejIeHHO BOCCTAaHABJIMBaeTCA CBOOO]HBIMH 
OpraHHnueCKUMM pasqukKalaMi WIM aTOMaMH BOAOpOAa C OOpasOBaHNeM aMMHA WIM PMAPOKCHI- 
amuHa. Hadsogqaemble peak OObBACHAIOTCH 3aXBaTOM OKMCbIO a3z0Ta pajlMKaJoB, 
BOSHHKAMMNX pw paquouuse *AMKOCTH UM, B HeKOTOPBIX CLy"aAX, NoCc.1eqyIOuMMu 
H3M@HeEHHAMM OOpa3syIOuINXcA HUTPOs0coesMHeHHii. 


PRAPARATIVE STRAHLENCHEMIE—I. DIE REAKTION DES STICKSTOFF- 
MONOXYDS MIT EINIGEN ORGANISCHEN FLUSSIGKEITEN UNTER DEM 
EINFLUSS ENERGIEREICHER ELEKTRONEN 


Strahlenreaktionen in L6sungen des Stickstoffmonoxyds in ‘Tetrachlorkohlenstoff, 
Chloroform, Trichlorbrommethan, Trichlornitromethan, 1,1,1-Trichlorathan und Zyklohexan 
wurden untersucht. Als Strahlenquelle dienten 3 MeV-Elektronen, mit denen Umsiatze bis 
etwa 10% erzielt wurden. Einige dieser Reaktionen sind von praparativem Interesse, weilsie die 
Laboratoriums-Synthese neuer Verbindungen oder verbesserte Synthesen bereits bekannter 
Stoffe erméglichen. Trichlornitrosomethan wurde erhalten aus Tetrachlorkohlenstoff (G = 
4-5), Trichlorbrommethan (G = 5-2) und Trichlornitromethan (G ~6). Dichlornitrosomethan, 
das bischer noch nicht synthetisiert worden ist, wird in Chloroform gebildet (G ~ 0-5). 1,1- 
Dichlor-1-nitrosoathan wurde bei der Bestrahlung des 1,1,1-Trichlorathans beobachtet. 
Primares Reaktionsprodukt in Zylkohexan ist wahrscheinlich Zyklohexanonoxim, das aber 
unmittelbar durch freie organische Radikale oder H-Atome zum entsprechenden Amin und 


Hydroxylamin reduziert wird. Die beobachteten Reaktionen werden durch das Abfangen freier 
Radikale aus der Radiolyse des Lésungmittels durch Stickstoffmonoxyd und in einigen Fallen 
durch nachfolgende Veranderungen der so gebildeten Nitroso-Verbindungen erklart. 


INTRODUCTION 


THE scavenging of free radicals is a general _ nitric oxide.“ Similarly, 1-chloro-1-nitroso 
technique which has been applied in many derivatives have been obtained in the ultra- 
kinetic studies of reactions initiated by high  violet-induced reaction of hydrocarbons with 
energy radiations. These investigations in- chlorine and nitric oxide.“) The y-ray 
clude examples such as the qualitative and induced reaction between hydrocarbons and 
quantitative determination of free radicals sulfur dioxide has been shown to yield a 
formed in the radiolysis of various liquids by number of organic sulfur compounds such as 
using scavengerssuchasiodine"?:3),diphenyl- _ thioestersof sulfonicacidsand sulfinic acids.) 
picryl-hydrazyl™ tetranitromethane®) and The reaction of diphenyl-picryl-hydrazyl 
ferric ions,‘® the inhibition of photochemical with polymers in solution under the influence 
and radiation chemical reactions'”) (alsocf.®)) of y-radiation has been used for the prepara- 
by nitric oxide, and the determination of tion of stable long-chain poly radicals.“*) 

radicals formed by ultrasonic radiation.) When organic liquids are irradiated with 
The products of the reactions between free high-energy electrons in the presence of nitric 
radicals and scavengers, however, have oxide, nitrogen-containing compounds are 
rarely been investigated. Certain examples formed. In some cases nitroso compounds 
of these scavenging reactions have already formed by reaction of NO with the free 
been applied in organic synthesis. For radicals produced from the radiolysis of the 
example, new perfluoronitroso compounds solvent can be isolated after irradiation. 
have been prepared by the photochemical Beams of 3-3 MeV electrons of a Van de 
reaction between certain perfluoroiodidesand Graaff generator have been used as intense 


radiation, and gram amounts of the reaction 
products have been obtained after irradiation 
times of the order of 1 hr. In order to obtain 


The irradiation flask is shown in Fig. 1. 
It consists of a glass vessel containing 300 ml 
of the organic liquid and of a metal cap 
holding a thin copper foil as inlet window 
for the vertical electron beam. Nitric oxide 
was introduced into the liquid through the 
glass tube G,. Nitric oxide which had not 
been consumed and other gases resulting 
from the radiolysis of the liquid escaped 
through the glass tube G,. The copper foil 
(0-05 mm) is soldered into brass ring B. A 
soft rubber ring provides the seal between 
the metal cap and the glass vessel. The brass 
ring is pressed against the glass vessel by 
means of four strong springs which are not 
shown in the Figure. The metal window is 


Fic. 1. Vertical cross-section of the irradiation 


vessel. (G) glass vessel, (ZL) organic liquid; 

(F) frit, (Cu) copper inlet window, (B) brass ring 

(R) rubber ring, (W) water cooling, and (G, and 
G,) joint on glass tubes. 
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high degrees of conversion the nitric oxide 
has been continuously delivered to the 
solutions during irradiation. 


cooled by water flowing through a copper 
tube which is soldered on the brass ring. A 
thermostated water bath surrounded the 
irradiation flask up to the joint on tube G,. 
In most of the experiments the temperature 
of the bath was 10°C. The electron beam 
was circularly scanned. The electron current 
was bled from the irradiation vessel through 
a current integrator to ground. A current of 
10 wA was used in most of the experiments. 
The absorbed energy was calculated from the 
product of particle energy and integrated 
current with a correction of 7 per cent being 
made for the energy loss due to absorption 
and scattering in the window system. Practi- 
cally all the beam energy is dissipated in the 
small zone within about 1 cm below the 
surface of the liquid. With such high local 
radiation intensity, local depletion of nitric 
oxide and heating of the liquid will occur 
unless the solution is strongly stirred by the 
nitric oxide bubbling through it. A stream 
of NO of 15-20 1./hr was maintained. Air 
was removed from the flask by purging with 
pure argon before admission of nitric oxide. 

Eastman Kodak spectro grade carbon- 
tetrachloride was used without any further 
purification. Fisher certified chloroform was 
used directly as well as after removal of most 
of its alcohol stabilizer. No difference in the 
yields of the reaction products could be 
observed. Since conversions of about 10 
per cent were reached in these irradiations, 
small amounts of impurities apparently had 
no significant influence. Trichlorobromo- 
methane and trichloronitromethane were of 
Eastman Kodak practical grade. Eastman 
Kodak spectro grade and Fisher certified 
samples of cyclohexane and 1,1,1-trichloro- 
ethane, respectively, were used without 
further treatment. 

Concentrations of trichloronitrosomethane 
in carbontetrachloride solutions were deter- 
mined spectrophotometrically at 597 mu 
(Es97 = 6:50 mol |. cm7). 
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EXPERIMENTAL RESULTS 


Carbontetrachloride 


Free chlorine and nitrosyl chloride were 
found to be formed during irradiation. The 
liquid remaining had a dark color. After 
extraction of dissolved NOCI and _ nitrous 
gases with water, the remaining liquid had a 
deep blue color. The maximum of light 
absorption of this solution occurred at 597 mu. 
The blue compound formed could directly 
be separated from the solution by fractional 
distillation (26-5-27-5° C at 200 mm Hg). 
With respect to all its physical properties it 
was found to be identical with trichloro- 
nitrosomethane which had been described by 
PRANDTL and SENNEWALD"*), Gas chromato- 
graphic studies of the irradiated solutions 
showed that high boiling substances were also 
produced such as hexachloroethane and 
compounds of unknown structure which 
probably resulted from partial decomposi- 
tion of trichloronitrosomethane under the 
conditions of irradiation. 

Fig. 2 shows the concentration of trichloro- 
nitrosomethane formed as a function of the 
radiation dose. At first the concentration of 
CCl,NO increases linearly until its decompo- 
sition becomes more and more perceptible at 
higher doses. The conversion of the irradi- 
ated carbon tetrachloride as calculated from 
the initial linear part of the curve is also 
given in Fig. 2 (dotted line). It may be 
recognized that for practical purposes the 
irradiation can be carried on up to a con- 
version of about 10 per cent. At higher doses 
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Fic. 2. Concentration of trichloronitrosomethane 
radiation dose (electron beam 
current: 10 mA). 
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Fic. 3. Initial G of trichloronitrosomethane forma- 
tion as function of the electron beam current. 


significant decomposition of trichloronitroso- 
methane occurs. The yield of CCl,NO 
amounts to about 50 per cent of the reacted 
material at a conversion of 10 per cent. Since 
450 g of carbon tetrachloride were irradiated 
about 22 g of trichloronitrosomethane could 
be prepared in one experiment. 

In Fig. 3 are given the results of experi- 
ments carried out to study depletion effects. 
The initial 100 eV yield of CCl,NO forma- 
tion is plotted here vs. the electron current. 
G(CCI,NO) decreases slightly with increasing 
beam current which is explained by the 
depletion of nitric oxide in the reaction zone. 
Extrapolation of the curve in Fig. 3 to zero 
beam current gives a yield of 4-5. 

Trichloronitrosomethane is already known. 
It has been synthesized by carefully oxidizing 
CCI,SO,Na with nitric acid.“® However, 
it is emphasized that the radiation synthesis 
offers certain advantages over the conven- 
tional method since this compound can be 
prepared in one step from easily available 
materials, 


Chloroform 

Small amounts of chlorine and _ nitrosyl 
chloride were found as gaseous reaction 
products. The solution remaining had a 
deep green color. The unreacted chloroform 
was removed by distillation at 250 mm Hg. 
The distilled chloroform was colored green 
which became blue after washing with water. 
The maximum of light absorption of this blue 
liquid occurred at 597 mu.. Apparently the 
trichloronitrosomethane which was formed 
was not separated from the chloroform 
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during distillation. ‘The residues of the 
distillation were a blue-green oil (density 
1-44) and a yellow solid. 

The above oil consisted of a blue unstable 
liquid and of at least two of its decomposition 
products. Upon standing at room tempera- 
ture the color of the oil turned to yellow and 
a white compound precipitated. ‘The infra- 
red spectrum of the oil contained the charac- 
teristic bands of the groups OH, NO, CH, 
C=N and CCl,. It was found possible to 
make a partial separation of the blue liquid 
from its accompanying substances by shaking 
the oil with the fivefold amount of ligroin 
and subsequently centrifuging the emulsion 
formed. ‘This procedure leads to a_ blue 
solution and a heavy yellow oil which is 
readily soluble in water giving an acid 
solution. This yellow oil showed the charac- 
teristic infra-red spectrum and the extremely 
intruding smell of dichloroformaldoxime 
which had been described by PRANDTL and 
SENNEWALD"), Jt is therefore concluded 
that a major part of the yellow oil consists 
of this compound. Another partial puri- 
fication of the blue-green oil could be 
achieved by cooling it in dry ice and sub- 
sequently filtering off the precipitate formed. 
Vacuum distillation, however, was the best 
method of isolating the blue compound from 
the oil. It distilled as the first fraction at 
23-5°C and 20 mm Hg. Gas _ chromato- 
graphic analysis showed that it was obtained 
in a purity of 90 per cent. Its elementary 
analysis and spectrophotometric data are 
consistent with the formula of dichloro- 
nitrosomethane. 


Analysis C(%) H(%) 
12-02 


12-30 


0-901 
0-885 


11-00 
10-54 


Fi yund 
Theoretical 


The infra-red absorption of the NO group 
in dichloronitrosomethane was found tooccur 


at 6:25 uw. The maximum visible light 
absorption was found to be located at 630 mu. 
Dichloronitrosomethane has not previously 
been synthesized by conventional preparative 
methods. It has been postulated as a very 
unstable intermediate in the electrolytic 


reduction of trichloronitromethane.*) How- 
ever, its life-time, according to our experience, 
is much longer than anticipated in this 
previous work since its blue color is still 
slightly present after standing at room 
temperature for one day. 

The yellow solid obtained as residue after 
removal of the irradiated chloroform has not 
yet been analyzed. Part of this solid is 
soluble in water. In the infra-red spectrum of 
the solid, characteristic bands of inorganic 
ammonia salts have been observed. It seems 
therefore that the reaction of nitric oxide with 
chloroform is highly complicated and di- 
chloronitrosomethane, which is formed with a 
radiation yield of less:than 1-0, seems to be 
only a by-product of the reaction. 


Trichlorobromomethane 

The gaseous reaction products were found 
to be bromine and nitrosyl bromine. The 
liquid which remained after washing with 
water had a deep-blue color due to trichloro- 
nitrosomethane (G = 5-2). The nitroso com- 
pound can be separated by distillation easier 
than in the case of the preparation from 
carbon tetrachloride because of the much 
higher boiling point of trichlorobromome- 
thane. No dichlorobromonitrosomethane 
has been found. Apparently the C—Br bond 
of the trichlorobromomethane is _ preferen- 
tially dissociated by ionizing radiation. 


Trichloronitromethane 

Nitrogen dioxide was the gaseous reaction 
product and trichloronitrosomethane again 
occurred as the principal non-volatile pro- 
duct (G~6). No _ dichloronitrosonitro- 
methane could be found. Here again it 
appears that the C—N bond is split much 
more frequently than the C—Cl bonds. 


1,1,1- 77ichloroethane 
1,1-Dichloro-1-nitrosoethane and trichloro- 
nitrosomethane may be expected to be 
formed depending on whether the C—Cl or 
C—C bond will split in 1,1,1-trichloroethane. 
The liquid had a green color after irradiation 
which turned blue after removal of NOCI 
and nitrous gases by using water. ‘The 
maximum of visible light absorption of this 
blue solution occurred at 635 mu. No 
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shoulder at 597 my in the broad absorption 
band could be detected which would be 
caused by trichloronitrosomethane. The blue 
color must therefore entirely be attributed 
to 1,1-dichloro-1-nitrosomethane which has 
been described by Pitory and Srersock."® 
However we have not yet succeeded in sepa- 
rating and purifying this nitroso compound in 
preparative amounts since it is formed with a 
very low yield (G ~ 0-5). 


Cyclohexane 


A dark brown oil separated during the 
irradiation. Water was another reaction 
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as a scavenger in the product which formed 
an emulsion with the unreacted cyclohexane. 
Most of the oil distilled with partial decom- 
position between 135 and 148°C at normal 
pressure. Cyclohexylamine and cyclohexyl- 
hydroxylamine were recognized by infra-red 
spectroscopy as the major components of the 
oil. Only very small amounts of cyclo- 
hexanone oxime could be traced. The 100 
eV yield for disappearance of cyclohexane to 
form non-volatile nitrogen-containing com- 
pounds has been calculated from the average 
elementary composition of the oil. A value of 
2:5 molecules per 100 eV has been found. 


DISCUSSION 


In all cases studied, the primary step is 
assumed to be the formation of free radicals 
from the solvent which subsequently react 
with nitric oxide. The simplest reaction 


between NO and free radicals is the formation 
of the corresponding nitroso compounds. 
More complex reactions include the spon- 
taneous rearrangement of the nitroso com- 
pounds to give oximes and the reduction of 


the nitroso and oxime compounds by further 
reaction with radicals from the solvent. 

Carbontetrachloride is an example where 
the addition of NO to free CCl, radicals and 
to free chlorine atoms are assumed to be the 
principal reactions following radiolysis of the 
solvent. 


CCl, + Cl- 
164, +31, 
CCl,- + NO- —> CCI,NO 
Cl- + NO- —> NOCL. 


Since the yield of trichloronitrosomethane 
decreases only slightly over a wide range of 
dose rate it must be concluded that nitric 
oxide is a very effective radical scavenger in 
dilute solutions and that depletion effects are 
only of minor importance in preparative 
work such as carried out here. Practically all 
radicals formed are scavenged. G(CCl,NO) 
may therefore be regarded as a measure of 
the 100 eV yield of reaction (1). The value 
of 4-5 found is higher than that of 3-5 found 
by ScuuttTe"”) by using radioactive chlorine 


y-ray radiolysis of carbontetrachloride. Fin- 
ally the formation of chlorine and hexa- 
chloroethane has to be explained by the mole- 
cular decomposition mechanism (reaction 2) 
which hasalsobeen postulated by ScHULTE””?. 

In the case of chloroform it is noteworthy 
that free CCl, radicals apparently occur as 
intermediates of the radiolysis since tri- 
chloronitrosomethane is formed in the pre- 
sence of NO. This is consistent with the 
current mechanism supposed for the radio- 
lysis of chloroform“®.! in which the primary 


step is the splitting of a C—Cl bond: 


CHCl, — CHCl, + Cl: (5) 
CCl, radicals are then formed by hydrogen 
abstraction by the chlorine atoms: 


Cl- + CHCl, — HCl + CCl,- (6) 
Since CCl, radicals are formed in the 
presence of nitric oxide, reaction (6) must be 
very fast so that it occurs before the chlorine 
atom is scavenged by NO. The formation of 
dichloronitrosomethane is explained by sca- 
venging of CHCl, radicals by NO. Dichloro- 
formaldoxime may be formed either by 
spontaneous rearrangement of dichloronitro- 
somethane or by direct reaction between 
CHCl, and NO. Finally, the various other 
reaction products mentioned above may also 
be formed either by other types of interaction 
between CHCl, and NO or by subsequent 
changes in the dichloronitrosomethane or 
dichloroformaldoxime formed. The relative 
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yields of the various reaction products in 
chloroform have been determined only 
approximately and are presented in the 
following scheme: 


CCl,- + NO- > CClNO 
CHCI,NO 


~05 


CHCI,: + NO- 222 > CCl, —NOH 


~1°5 


Various products 
of unknown 
structure. 


(10) 


Cyclohexane, finally, is an example where 


the primary product of the reaction between 
NO and the organic radicals is nearly 
completely consumed by secondary processes. 
The formation of water and of organic amines 
and hydroxylamines shows that a strong re- 
duction of the oxygen atom in the scavenger 
takes place. | 

It seems from these results that the syn- 
thesis of nitroso compounds and oximes by 
scavenging reactions of nitric oxide in 
organic liquids may be of preparative value 
particularly in the case of polyhalides which 
contain only a few or no hydrogen atoms at 
all. In other substances the yield of nitroso 
compounds and oximes is very low. 


Acknowledgement—The author wishes to acknowledge 
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Preparative Radiation Chemistry—II 


The Reactions of Hydrocarbons with Phosphorus Trichloride and other 
Inorganic Chlorides under the Influence of High-energy Electrons* 
ARNIM HENGLEIN 


Radiation Research Laboratories, Mellon Institute, Pittsburgh, Pa., U.S.A.+ 
(Received 5 March 1960) 


Hydrogen chloride is eliminated and organic phosphorus dichlorides, dichlorophosphine 
oxides, arsenic dichlorides and silicon trichlorides are formed in the irradiation of mixtures of 
various hydrocarbons with phosphorus trichloride, phosphorus oxychloride, arsenic trichloride 
and silicon tetrachloride respectively. The yields of these products have been found to amount 
often to 40-50 per cent of the reacted material at conversions of 20-30 per cent. Although these 
processes do not occur as chain reactions they often are useful for laboratory preparation of 
those compounds. Some by-products of these reactions have been determined. A mechanism 
is presented which explains the formation of all reaction products observed. 


LA CHIMIE PREPARATIVE DE RAYONNEMENT—II 
LA REACTION DE L’OXYDE NITRIQUE AVEC CERTAINS LIQUIDES 
ORGANIQUES INDUITE PAR LES ELECTRONS DE GRANDE ENERGIE 
Le chlorure d’hydrogéne s’élimine et des composés organiques de bichlorure de phosphore, 
d’oxydes de bichlorophosphine, de bichlorures d’arsenic et de trichlorures de silicium se 
forment au rayonnement des mélanges de différents hydrocarbures avec le trichlorure de 
phosphore, l’oxychlorure de phosphore, le trichlorure d’arsenic et le tétrachlorure de silicium. 


On a trouvé que les rendements de ces produits remontent souvent a 40-50 pour cent du 
matériel de réaction a des taux de conversion de 20-30 pour cent. Bien que ces procédés ne 
prennent pas lieu en réactions de chaine ils sont souvent utiles pour la préparation de ces 
composés au laboratoire. On a reconnu quelques sous-produits de ces réactions. On présente 
un mécanisme qui explique la formation de tous les produits de réaction observés. 


HNPENAPATHBHAA PAA MANIMOHHAA XUMUA—I1 
PEARILMM YPIEBOXJOPOJOB C TPEXX.IOPHCTbIM ®OCBOPOM HW APYTUMH 
HEOPrPAHUYECKUMM XJIOPMJTAMU TO], JENMCTBHEM O®@1Y4UEHMSI 
JERTPOHAMH BbICOKOM SHEP 

Od.1yuenne CMeceli Pas1IM4YHbIX VP1eEBOLOPOAOB C THeXX.1OPUCTLIM (OCOpOM, X.10paHrHy- 
pusoM ocopHoit KUCAOTEI, TpeXX-IOPMCTHIM MBIMIbAKOM VM YeThIPeXX/IOPHCTbIM KpeMHWeM 
IIpHBOAMT K YaleHmio X.IOpucTOrO BOAOpOAa M OOpPasoBaHHto OpraHMyeckKkoro BVXX.1OpH- 
croro docopa, OKUCH Aux1opPoc puna, WBYXX.JOpMCTOrO MBIMIbAKAa MW YeTHIPeXx.1OpHCTOrO 
KpeMHHA. Berio HaiiqeHO, YTO BbIXO] JTUX MpOAYKTOB YacTO ZOXOWUT 40 Ao 50 mpomeHnTon 
OT TNpOpearMpoBaBLINX BeleCcTB Ip riyOune peakyun oT 20 40 30 MponeHToB. Xors sTH 
mpowecchl UM He WpoTeKaloT 10 WeMmHOMY MeXaHM3MY, OHM YHCTO MOPYT ObITh HCNO.1b30BAaHbI [1A 
NOLV4YeHHA BEIMeYNOMAHYTHIX COeAMHEHHI B 1adOpaTOpHEIX VCIOBMAX. Bim onpee.enbi 
HeKOTOpble MOOOUHbIe MpOLYKTH sTUX peakynii. Ipeqaov#en MexaHH3M OOpas0BaHHA BCeX 
HaO01aBUIMXCA TpOAVKTOB peak, 


PRAPARATIVE STRAHLENCHEMIE—II 
DIE REAKTIONEN VON KOHLENWASSERSTOFFEN MIT PHOSPHORTRI- 
CHLORID UND ANDEREN ANORGANISCHEN CHLORIDEN UNTER DEM 
EINFLUSS ENERGIEREICHER ELEKTRONEN 


Bei der Bestrahlung von Mischungen verschiedener Kohlenwasserstoffe mit Phosphortri- 
chlorid, Phosphoroxychlorid, Arsentrichlorid und Siliziumtetrachlorid wird Chlorwasserstoff 


* This work was supported in part by the U.S. Atomic Energy Commission. 
+ Present address: Hahn-Meitner Institut fiir Kernforschung, Berlin-Wannsee, Germany. 
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abgespalten und die entsprechenden organischen Phosphordichloride, Dichlorphosphinoxyde, 


Arsendichloride, und Siliziumtrichloride werden gebildet. 


Die Ausbeuten dieser Produkte 


betragen oft 40-50 Procent des umgesetzten Materials bei Umsatzen von 20-30 Procent. 
Obgleich diese Prozesse nicht als Kettenreaktionen verlaufen, sind sie oft zur Laboratoriums- 
Synthese jener Verbindungen niitzlich. Einige Neben-Produkte dieser Reaktionen wurden 


bestimmt. 
Reaktions-Produkte erklart. 


Es wird ein Mechanismus vorgeschlagen, der die Bildung aller beobachteten 


INTRODUCTION 


IN recent years a number of experiments have 
been reported in which ionizing radiation has 
been used to initiate chain reactions in 
hydrocarbons such as chlorinations,” sulfo- 
chlorinations,) sulfoxidations®) and _ oxi- 
dations which are known to occur under 
the influence of ultraviolet light. Ionizing 
radiation may be a helpful initiator of these 
processes from an engineering point of view. 
However, with respect to preparative chem- 
istry little progress can be expected since these 
reactions generally yield the same products as 
the corresponding chain processes produced 
by other methods ofinitiation.. There are still 
a number of inorganic chlorides which may 
react with hydrocarbons under the influence 
of ultraviolet light or ionizing radiation, 
although no chain reactions may be expected. 
Such reactions do not occur with high 
radiation yields but new compounds may 


be formed or easier laboratory synthesis of 


compounds already known may become 
possible. 


Reactions have been studied which occur 
in mixtures of equal volume amounts of 
different hydrocarbons with phosphorus 
trichloride under the influence of high energy 
electrons. In addition, preliminary experi- 
ments have been carried out in which phos- 
phorus trichloride has been substituted by 
other inorganic chlorides, XCl,, such as 
phosphorus oxychloride, arsenic trichloride 
and silicon tetrachloride. In all these cases 
the desired reaction is the elimination of 
hydrogen chloride to form the ‘‘combination 


product” RXCI,,__,. 
RH + XCl, — HCl + RXCl,,  ( 


In these studies 15 wA beams of 3-3 MeV 
electrons from a Van de Graaff generator 
have been used. The irradiations have been 
carried on up to a conversion of 20—30 per 
cent. It has been possible to isolate most of 
the products RXCI,,_,in amounts of 20-50 ¢ 
per experiment. 


EXPERIMENTAL 


The irradiation vessel which contained 300 
cc of the liquid mixture has already been 
described in a preceding paper.’ ‘The 
electron beam was scanned in a circle | in. 
in diameter in order to reduce local heating. 
Pure argon was bubbled through the mixture 
(15 1./hr) to keep the system free from oxygen 
and to stir the mixture and continuously 
remove hydrogen chloride and other volatile 
reaction products. The temperature of the 
cooling bath was 5°C in most of the irradia- 
tions. The unreacted hydrocarbon and 


inorganic chloride were removed from the 
irradiated solutions by distillation. The 
higher boiling oils which remained were then 
subjected to fractional vacuum distillation in 
a 3 ft helix packed column. Analyses of the 
various fractions included the determination 
of elementary compositions, saponification 
numbers, infra-red spectra and_ physical 
properties, gas chromatographic studies and 
in certain cases measurements of proton 
nuclear magnetic resonance absorption. 


EXPERIMENTAL RESULTS 


Cyclohexane]phosphorus trichloride 

A yellow precipitate which mainly con- 
sisted of phosphorus was formed during 
irradiation. Pure phosphorus trichloride did 


not form such a product. A similar yellow 
product has been observed in the decom- 
position of diphosphorus tetrachloride which 
has been synthesized by action of a silent 
discharge on a PCl,-hydrogen mixture.‘® 
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It seems plausible to attribute the yellow 
precipitate to the decomposition of P,Cl, 
which is also formed when PCI, is irradiated 
in the presence of a hydrocarbon. 

A brown oil remained after removal of the 
unreacted cyclohexane and phosphorus tri- 
chloride. Vacuum distillation of the oil 
yielded the following fractions. (1) A colorless 
liquid boiling at 60°C and 46 mm Hg. 
Its infra-red spectrum was found to be iden- 
tical with that of cyclohexylchloride. (2) 
A colorless liquid boiling between 120 and 
131°C and at 52 mm Hg which shortly after 
distillation started to become yellow and to 
form a yellow-red precipitate. Gas chroma- 
tography showed that this fraction consisted 
mainly of cyclohexylphosphorus dichloride 
and a small amount of a compound boiling 
at about 180°C under normal pressure. 
Although this compound has not been iso- 
lated and analyzed because of its small yield 


H (%)|C(%) | P(%) | Cl(%) 


Analysis 


Found 
C,H,,PCl, theoret. 


38-3 
39-0 


16-2 
16-1 


38-3 


5-95 
6-00 


Density at 23°C = 1-2210; n?, = 1-5262; b.p. = 219°C 
at 760 mm Hg. 


it may well be assumed to be diphosphorus 
tetrachloride. (3) This fraction amounted to 
about 50 per cent of the oil and distilled at 
132-135°C and 50 mm Hg. It was a 
colorless liquid of sharp unpleasant odor and 
fumed at humid air. All its analytical data 
showed that this fraction contained the de- 
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sired combination product cyclohexylphos- 
phorus dichloride. One gram of this com- 
pound consumed 648 mg NaOH (theoret- 
ically 649 mg/g) in its saponification with In 
NaOH. Gas chromatography showed that it 
contained 2 per cent of dicyclohexyl and no 
P,Cl,. (4) This fraction (139-148°C at 55 
mm Hg) mainly consisted of cyclohexylphos- 
phorus dichloride too. It contained, however, 
a larger amount of dicyclohexy] and a yellow 
product. At the end of this fraction the 
distillation was discontinued since decom- 
position of the remaining oil in the distillation 
bulb started to give volatile products. Most 
of the residue solidified after cooling. No 
complete analysis of the residue has been 
made. It may, however, be mentioned that 
it contained phosphorus and chlorine and 
hydrolysed to form hydrogen chloride when 
in contact with humid air. The yields of the 
various reaction products have been calcu- 
lated from the compositions of the different 
fractions, and they are compiled in Table 1. 
The yield of cyclohexylphosphorus dichloride 
amounted to 50 per cent of the reacted 
material at a conversion of 25 per cent. This 
synthesis may, therefore, be well recom- 
mended for laboratory preparation of this 
compound. 


n-Heptane/phosphorus trichloride 


The yields of the different reaction 
products are also given in Table 1. Heptyl- 
phosphorus dichloride was found to be present 
in the fraction boiling at 103°C and at 
21mm Hg. Gas chromatography showed that 


Tas_e 1. Reaction RH + PCl, — HCl + RPC, 


Absorbedt 


energy 


Nonvolatile 


Hydrocarbon* products 


G(PCl, + RH | 
consumption) | 


Composition of the nonvolatile products 
(weight %) 
| P,Cl, | RPCI, | Residue 


Cyclohexane 
n-Heptane 
Cyclohexene 
Hexene-1 
Benzene 
Ethylbenzene 


* RH : PC), = 50 : 50 volume-%. 
+ Of the mixture 300 ml were irradiated. 
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Analysis 


Found 
C,H,;PCl, theoret. 


Saponification 

(mg NaOH/g) 
615 
598 


dog 1-077; ng = 1-4837; b.p. = 210-225°C. 


this fraction consisted of at least three com- 
ponents. Since the elementary composition 
agrees very well with the theoretical one it has 
to be concluded that different isomers have 
been formed which carry the PCl, group at 
different C atoms. No attempts have been 
made to separate these isomers in preparative 
amounts. 


Cyclohexene|phosphorus trichloride 


The liquid had a weak yellow color after 
irradiation and no precipitation occurred. 
The yields of the various products obtained in 
the fractional distillation of the irradiated 


lation head. It may be mentioned that the 
fraction boiling between 94 and 99°C at 
31 mm Hg became dark and very viscous 
after standing at room temperature for 2 
months. The desired combination product 
has been obtained in a fraction boiling 
between 99 and 103°C at 30 mm Hg. All its 
properties are consistent with the formula of 
cyclohexenylphosphorus dichloride, i.e. the 
double bond remained unchanged and just a 
hydrogen atom incyclohexene was substituted 
by the PCl, group. The double bond could be 
recognized by the bromine uptake which 
amounted to 101 mg/100 mg. It was a 
little higher than the theoretical uptake of 


Analysis 


Found 
C,H,PCl, theoret. 


Saponification 


dey = 1-236; 2, = 


mixture can be seen in Table 1. This distilla- 
tion was carried on until decomposition of the 
higher boiling reaction products took place. 
One of the decomposition products was white 
phosphorus which condensed in the distil- 


1-5353; b.p. = 210-213°C at 760 mm Hg. 


87 mg/100 mg, which may be due to addi- 
tional substitution. Furthermore, the infra- 
red spectrum (Fig. 1) contains the character- 


istic absorption of the double bond which is 
shifted from 1653 cm~! in cyclohexene to 1615 


Wavelength, 


7 8 9 
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T eee en 
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Wavenumber, Kaysers 


Fic. 1. Infra-red spectrum of the reaction product 
from an irradiated mixture of cyclohexene and 
phosphorus trichloride. 
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cm~! in cyclohexenylphosphorus dichloride. 
Gas chromatography showed that two com- 
ponents are present in this product in an 
abundance ratio of about 70:30. It is 


concluded again that the product consists of 


two isomers carrying the PCl, group at 
different C atoms. By comparing the proton 
magnetic resonance spectrum with that of 
cyclohexene, substitution ofa hydrogen at the 
double bond could be ruled out. Moreover, 
these studies showed that the PCl, group had 
been directed predominantly into the 3- 
position. This may be expected because of 
the rather high reactivity of the hydrogen 
atoms in the 3-position of cyclohexene. All 
these results lead to the conclusion that the 
reaction product is a mixture of 3- and 4- 
cyclohexenylphosphorus dichloride, the 3- 
isomer being more abundant. No attempts 
have been made to separate the isomers in 
preparative amounts. 

The yield of cyclohexenylphosphorus di- 
chloride amounts to 40 per cent of the reacted 
material at a conversion of 30 per cent. It 
seems that this compound has not been 


synthesized to date. ‘he radiation synthesis 
of this product (i.e. of the mixture of the two 
isomers) is very simple since it involves only 
one step and the starting materials are 
readily available. 


Hexene-1/phosphorus trichloride 

A brown oil (density 1:31) separated 
during irradiation. When heated at 10 mm 
Hg up to 150°C it decomposed to give vola- 
tile products and a black asphalt-like residue 
of very high viscosity. In the fractional 
distillation of the irradiated hexene-1 solu- 
tion, a small fraction boiling between 30 and 
50°C was obtained. It was a colorless liquid 
containing carbon, hydrogen and chlorine. 
Apparently small amounts of lower organic 


chlorides had been formed. After removal of 


the unreacted materials an oil was obtained, 
the various compounds of which were separ- 
ated by vacuum distillation. The yields are 
given in Table 1. It was difficult to separate 
hexenylphosphorus dichloride in a satis- 
factory degree of purity. The fraction which 
boiled between 90 and 95°C at 30 mm Hg 
was found to have an elementary composition 
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corresponding to a mixture of 90 per cent 

hexenylphosphorus dichloride and 10 per 

cent of higher hydrocarbons. The saponi- 

fication number of this fraction (d,, = 1-067) 

was correspondingly lower: found, 590 mg 

NaOH/g, C,H,,PCl,; theoretical, 649 mg/g. 

The infra-red spectrum indicated the pre- 

sence of at least three types of C=C bonds. 

The band at 1645 cm~! which could also be 

observed in the spectrum of hexene-1 was of 
low intensity only. It may be caused either 

by some unsaturated higher hydrocarbon 

of the sample or by an isomer of hexenyl- 

phosphorus dichloride carrying the PCl, 

group at a C atom far away from the 

double bond. ‘Two strong absorption bands 

were observed at 1607 and 1615 cm~, which 

indicates major changes in the neighborhood 

of the double bond as the substitution of 
hydrogen atoms in 3- and 4-position by the - 
PCl, group. The yield of the combination 

product amounted to only 20 per cent 

of the reacted material at a conversion of 30 

per cent. Most of the reaction products were 

undistillable residues which consisted mainly 

of carbon and hydrogen. Apparently the 

polymerization of hexene-1 had occurred in 

strong competition with its reaction with 

phosphorus trichloride. 


Benzene and ethylbenzene/phosphorus trichloride 

The reactions of phosphorus trichloride 
with these aromatic hydrocarbons are not too 
promising for the preparative application of 
ionizing radiation. The 100 eV yields are 
very low as shown in Table 1. Furthermore, 
benzene is known to react with phosphorus 
trichloride at 300°C without radiation to give 
hydrogen chloride and phenyldichlorophos- 
phine‘” and see, for instance, GODDARD.) 

Gas chromatography of the reaction pro- 
duct of ethylbenzene (b.p. = 230-245°C at 
760 mm Hg) indicated the presence of 
different isomers carrying the PCI, group at 
different C atoms. The y-bands between 650 
and 800 cm! in the infra-red spectra of 
ethylbenzene and of its phospho-dichlorinated 
derivative were found to occur at nearly the 
same wave numbers. This indicated that the 
PCI, group had mainly been directed into 
the saturated part of this hydrocarbon. 


Cyclohexane]phosphorus oxychloride 


The liquid was colorless after irradiation 
and no precipitate had been formed. A black 
oil remained after removing the unreacted 
materials. ‘The fractional distillation of the 
oil yielded a small fraction of cyclohexyl- 
chloride, a large fraction boiling between 130 
and 140°C at 40 mm Hg, and an undistillable 
residue. ‘The second fraction (d,,; = 1-284; 
ny = 15077) amounted to about 35 per cent 
of the oil. It was shown by gas chroma- 
tography to consist of two components. Its 
infra-red spectrum contained the character- 
istic absorption of the P — O bond at 1263 
cm~! in medium intensity only. The phos- 
phorus/chlorine ratio was found to be equal to 
0-455 which agrees with the theoretical ratio 
of 0-436 of dichlorocyclohexylphosphine as 
well as of dichlorocyclohexylphosphine oxide. 
However, the oxygen/phosphorus ratio has 
been determined to be only 0-30 (C,H,, POCI, 
theoretically 0-51). In addition, the saponi- 
fication number found (702 mg NaOH/g) 
was in between those of the phosphine (649 
mg/g) and of the phosphine oxide (792 mg/g). 
It is therefore concluded that the two com- 
pounds of the fraction are dichlorocyclo- 
hexylphosphine and dichlorocyclohexylphos- 
phine oxide. Apparently, the oxygen atom of 
phosphorus oxychloride is easily lost under 
these irradiation conditions. 


Cyclohexane/arsenic trichloride 

A black precipitate which probably con- 
tained elementary arsenic was formed during 
irradiation. ‘The desired reaction product 
cyclohexylarsenic dichloride was found to 
distill at 155°C at 36 mm Hg. It is a colorless 
liquid of cacodyl-like odor. 


TABLE 2. Reaction RH 
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H (%) 


Analysis Ct%) | GEOG) |) Asl% 
Found 5-00 31-5 30-7 31-9 
C,H,,AsCl, theoret.| 4-80 31-5 SIO.) 32:7 

dog = 1-502; n= 1-5552: 


The yield amounted to 40 per cent of the 
reacted material at a conversion of 25 per 
cent. Cyclohexylarsenic dichloride has been 
synthesized to date only by thermal decom- 
position of dicyclohexylarsenic trichloride at 
80-90°C™., Its direct synthesis from the 
hydrocarbon and arsenic trichloride in rather 
high yield offers an advantageous possibility 
for the preparation of organic arsenic com- 
pounds. 


Reactions with silicon tetrachloride 

Mixtures of silicon tetrachloride with 
cyclohexane, cyclohexene and hexene-1| have 
been irradiated. Preliminary results of these 
experiments are compiled in Table 2. In all 
cases the corresponding organic silicon tri- 
chlorides have been obtained. The yields are 
lower by a factor of nearly two than in the 
corresponding reactions of phosphorus tri- 
chloride (Table 1). As indicated in Table 2 
these silicon trichlorides have not yet been 
isolated in a high degree of purity. The 
impurities are higher hydrocarbons. The 
silicon trichlorides obtained could be hydro- 
lized in cold water to prepare the corre- 
sponding acids of the type RSiO(OH),. 


Other reactions 

Some reactions may be mentioned here in 
which only very preliminary results have been 
obtained. ‘'wo compounds containing phos- 
phorus, chlorine and the carbonyl! group have 


SiCl, — RSiCl, + HCl 


B.p. 


Hydrocarbon Product 


Cyclohexane 197-202 


201-2 


Cyclohexene 


Different isomers 167 


C,H, ,SiCl, 


Hexene-| 


(°C/760 mm Hg) 


Density 
23°C 


’ 
tian Purity 


1-197 


1-170 1-4789 


1-064 1-4454 
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been obtained in the irradiation of a mixture 
of phosphorus trichloride and acetone. The 
yields are very low and no complete separa- 
tion and analysis of the products has yet been 
made. Combination products are also 
formed when hydrocarbons are irradiated in 
the presence of organic chlorides such as 
carbontetrachloride, chloroform and hexa- 
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chloroethane. Negative results have been 
obtained with mixtures of cyclohexane and 
titanium tetrachloride. This chloride seems 
to be very sensitive to radiation. Large 
amounts of a black precipitate have been 
formed during irradiation and no products of 
the type RTiCl, could, as yet, be separated 
from the irradiated mixture. 


DISCUSSION 


The following free-radical mechanism is 
proposed to explain the formation of the 
various products observed in the reaction of 
phosphorus trichloride and cyclohexane. 


~ Ned disproportionation) 

RH# and PC]I,* are excited or ionized mole- 
cules which dissociate into free cyclohexyl 
radicals R and hydrogen atoms, as well as 
PCl, radicals and chlorine atoms. It seems 
likely to assume that these H and Cl atoms 
will rapidly disappear by the chlorine and 


hydrogen abstraction reactions (3) and (4) 
respectively. Secondary PCl, and R radicals 


are formed in these reactions. The final 
reaction products will then be formed by the 
various combinations of reactions (5—7) of the 
PCl, and R radicals. Cyclohexylchloride may 
be formed by reaction (8). 

Reactions (2-8) qualitatively explain the 
formation of all identified reaction products. 
However, it seems noteworthy to mention 
that the observed relative yields of the 
different combination products considerably 
differ from those expected from the simple 
competition of the reactions (5-7). Ifthe rate 
constants of these reactions are about equal, 
one may expect R,, RPCl, and P,Cl, to be 
formed in the ratio of about 1:2:1. The ratio 
found, however, is 1:25:1 (Table 1), ie. 
dichlorocyclohexylphosphine is formed in 
much higher relative yield than anticipated. 
Various explanations of this high relative 
yield are conceivable on the basis of current 
concepts in radiation chemistry. For 
example, reactions (3) and (4) may occur via 
hot H and Clatoms. This would lead toradical 
pairs R + PCl, which favors reaction (5). 


Another possibility is the direct elimination 
of HCl on a reaction between an excited 
molecule RH* (or PCl,*) with PCI, (or 
RH respectively). 

Since the total conversion was 20-30 per 
cent in these experiments, it must be expec- 
ted that part of the reaction product had 
been already attacked by direct or indirect 
action of radiation. Possible reaction pro- 
ducts are compounds of the types R,PCl, 
CIR’PCl, and R’(PCI,), (R’ = R minus one 
H atom). These compounds are higher 
boiling and they may well be part of the 
residue which decomposed upon heating, 
as mentioned above. 

The phosphodichlorination of the other 
hydrocarbons will generally yield several 
isomers of RPCl,, since a number of different 
radicals will be formed inreactions (2) and (4). 
In the case of olefines the process is compli- 
cated by their simultaneous polymerization. 
The isolation of combination products in 
which the double bond remained unchanged 
does not exclude that addition reactions of 
PCl, to the double bond also occurred. 
The resulting products, however, are higher 
boiling and may be part of the undistillable 
residues. The low absolute yields (Table 1) 
in mixtures with benzene and ethylbenzene 
may be explained by the high radiation 
stability of these compounds. Apparently, 
the decomposition of PCl;, in which at 
least 50 per cent of the absorbed radiation 
energy is dissipated is retarded in the pres- 
ence of aromatic hydrocarbons, probably 
by an energy transfer process. 


Acknowledgements—The author wishes to thank Mr. A. 
SCHOFIELD for carrying out many of the separations 
involved. He is also indebted to Dr. B. L. SHAaprRo 
for nuclear magnetic resonance measurements and 
their interpretation. 


. Harmer D. E., Martin J. J. and ANDERSON L. C. 
J. Chim. Phys. 52, 667 (1955). 


2. HeENGLEIN A. and Urt H. Z. Phys. Chem. Neue 


Folge 9, 286 (1956). 


3. BLack J. F. and Baxter E. F. Soap and Chemical 


Specialities p. 43 (1958). 

. Durup M., Durup J., Kurrer F. and Macar M. 
Proceedings of the Second International Conference on 
the Peaceful Uses of Atomic Energy, Geneva, 
1958, Vol. 29, p. 143. United Nations, N.Y. 
(1958). 


Preparative radiation chemistry—II 


9. 


. HENGLEIN A. Int. J. 


163 


Appl. Rad. Isotopes This 
issue p. 149. 


. Besson A. and Fournier L. C.R. Soc. Biol., Paris 


102 (1910). 


. Micwaezis A. Liebigs Annalen der Chemie 181, 265 


(1876). 


. GopparD A. E. Textbook of Inorganic Chemistry 


(Edited by Frrenp J. N.) Vol. 11, Part 3. Griffin, 
London (1936). 

StemnkopF W., Duprek H. and Scumipt S. Ber. 
Dtsch. Chem. Ges. 61, 1911 (1928). 


International Journal of Applied Radiation and Isotopes, 1960, Vol. 8, pp. 164-167. Pergamon Press Ltd. Printed in Northern Ireland 


Direct Radiation Grafting on to 
Hydrophilic Polymers 


A. CHAPIRO and V. STANNETT* 


Laboratoire de Chimie des Radiations, Centre National de la Recherche Scientifique, 
Bellevue, (S. et O.), France 


Grafting of vinyl monomers onto films of polyvinylalcohol, cellophane, cotton, etc. is greatly 
increased if water is added to the irradiated system. Irradiation of a dry system only leads to 
surface grafting whereas considerable depth grafting is achieved in the presence of water. The 
kinetics of the reaction are studied with polyvinyl alcohol films irradiated in styrene solutions in 
dioxane containing various amounts of water. The results are interpreted on the basis of the 
increased swelling of the polymer films in the presence of water and agree with independent data 
derived from sorption isotherms. 


LE GREFFAGE DIRECTE PAR RADIATION SUR LES POLYMERES 
HYDROPHILIQUES 

Le greffage des monoméres vinyliques sur des pellicules d’alcool polyvinylique, de cello- 
phane, de coton, etc., est largement augmenté si l’on ajoute de l’eau au systéme irradié. 
L’irradiation d’un systéme sec donne seulement un greffage des surface tandis que le greffage a 
une profondeur appréciable s’achéve en la présence d’eau. On étudie la kinétique de la 
réaction avec des pellicules d’alcool polyvinylique irradiées dans des solutions de styréne en 
dioxane contenant de diverses quantités d’eau. On interpréte les résultats selon l’augmentation 
de distension des pellicules de polymére en la présence d’eau, et ces résultats accordent avec les 
données indépendantes tirées des isothermes de sorption. 

HEMOCPEJICTBEHHAAH PAJIMAIMOHHAA PPA®TITOJIMMEPH38ANNA 
PUYPOOMLIBHBIX HOJIMMEPOB 

JlobapeHne BObI K OOyYaeMOli CuCcTeMe jleaeT 3HAYNTeIBHO OOJlee odppeKTUBHOlI 
I pHBUBKY MOHOMepOB BHHMIa Ha WeHKaX NOTMBUHMIOBOrO Cupra, Wed1odpana, x1omka 
Uap. OOm.yuenne cyxoii CUCTeMbI IpMBOAMT TOABKO K HOBepXHOCTHOH MpuBUBKe, B TO BpeMA 
Kak B HpHCVTCTBUM BOA! IPMBUBKA TpOHMKaeT Ha OObUTyIO rayOuny. Huneruka peakiun 
HW3y4adach Ha WIe€HKAX NOTMBUHU.IOBOrO CliMpTa, OO1V4YaeMbIX B pacTBOpPe CTUPO.1a B IMOK- 
cane, COdepAKalleM pa3s.IM4Hble KOmMYeCTBA BOAbI. O TMO.1yYeHHbIX pe3y.IbTaTaxX MOKHO 
CVAUTb NO yBeM4eHMIO HaOYXaHHA TO1MMepHbIX I1€HOK B IIpHCYTCTBHH BOA. Hadojaercx 
xopomlee Coriacne © (aHHbIMM, 10.1YYeHHBIMM HesaBMCHMO 13 H30TepM COpOmMH. 


DIREKTES BESTRAHLUNGSAUFPFROPFEN AUF HYDROPHILE POLYMERE 

Aufpfropfen von Vinylmonomeren auf Filme von Polyvinylalkohol, Cellophan, Zellwolle 
etc. wird stark vermehrt, wenn dem bestrahlten System Wasser beigefiihrt wird. Bestrahlung 
eines trockenen Systems fiihrt nur zu oberflachlicher Pfropfung wahrend bei Anwesenheit von 
Wasser Pfropfung auch in betrachtlicher Tiefe erreicht wird. 

Die Kinetik dieser Reaktion wurde mit Hilfe von Polyvinylalkoholfilmen studiert, die 
zusammen mit in Dioxan geldésten Styrol bestrahlt wurden, und verschieden grosse Mengen 
Wasser erhielten. Die Ergebnisse werden auf Grund des vermehrten Quellens der Polymer- 
filme in Wasser gedeutet und stimmen iiberein mit Daten, welche unabhangig davon, aus 
Sorptionsisothermen gewonnen wurden. 


In the dry state radiation grafting is difficult to the active centres. Similar effects were 
to achieve with unplasticized hydrophilic recorded in the work of CxHaprro!) 
polymers such as cellulose and polyvinyl concerning the radiation grafting of vinyl 
alcohol. Undoubtedly this is due to the monomers on to_ polytetrafluoro-ethylene 
very low rate of diffusion of most monomers (“Teflon”). It is well known®:*) that the 


* On leave from Chemistry Department, State University College of Forestry, Syracuse University, Syracuse 10, 
New York, U.S.A. 
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diffusion constants for gases into polyvinyl 
alcohol, cellophane and other hydrophilic 
polymers are enormously increased by in- 
creases in relative humidity. Accordingly it 
was thought of interest to study the effect of 
water content on the direct radiation grafting 
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of vinyl monomers to such polymers. Since 
the initiation of this work, a detailed account 
of an interesting study employing somewhat 
similar systems has been published by 
SAKURADA et al,‘ 


EXPERIMENTAL 


The polyvinyl alcohol film was 0-025 mm 
thick and was washed free from any plasti- 
cizer with wet methanol and acetone to 
constant weight. The cellophane (0-025 mm) 
and glassine (0-04 mm) were specially pre- 
pared in unplasticized forms by the American 
Viscose Company and the Westfield River 
Paper Company. ‘The filter paper was 
cotton based and the cotton was a normal 
pharmaceutical sample. 

The monomers were freed from inhibitors 
by distillation in vacuo before use; the other 
reagents were reagent grade and used as 
received. 


Grafting was carried out in pyrex am- 
poules and the substrate and monomer 
solutions de-gassed by three freeze-thaw 
cycles under high vacuum before sealing. 
A 200 c Co®® source was used for the irradia- 
tion in a constant temperature room held at 
20 + 0-3°C. At the end of the reaction the 
grafted substrate was washed free of homo- 
polymer with a suitable solvent and dried 
to constant weight. The percentage of 
grafting is expressed as one-hundred times 
the increase in weight divided by the initial 
weight. 


RESULTS 


The effectiveness of water in promoting 
the grafting of monomers on to a polyvinyl 
alcohol film was shown by a few preliminary 
results which are summarized in Table 1. 
The dioxane-styrene system was chosen for 
further study since there was considerably 
less homopolymerization compared with the 
other systems. The rate of homopolymeriza- 
tion was measured with both dry and wet 
(1-5 per cent total water content) dioxane 
and found to be 0-010 per cent/hr and 
0-013 per cent, respectively. 


Typical grafting-time curves for the diox- 
ane system are shown in Fig. 1. There is a 
slight dropping off in rate as the grafting 
proceeds, probably due to decreased swelling 
at higher grafted polystyrene contents, simi- 
lar shaped curves were obtained by Sakura- 
DA ef al.) using wet styrene monomer and 
polyvinyl alcohol. The effect of dose rate on 
grafting is shown in the form of a log—log 
plot in Fig. 2. The initial slope is about 
0-45 and at higher intensities the rate begins 
to drop below the extrapolated value. The 


Taste 1. Preliminary grafting experiments on polyvinylalcohol 


Amount of | Amount of 
Monomer monomer Solvent | solvent 
(%) |  (%) 
| 
Methyl 
acrylate 50 Ethanol | 50 
Methyl 
acrylate 50 Ethanol | 30 
Styrene 50 Ethanol 50 
Styrene 50 Ethanol 40 
Styrene | 33 Dioxane 67 
Styrene | 33 Dioxane 65:5 


| 
| 
| 
| 


| 
Water Dose rate | Irradiation Grafting 
(%) (r/min) (hr) 0 
| : 

0 6 46-5 0 
20 6 46-5 40 

0 15 113 0 

10 15 113 197* 

0 25 120 0 

ied 25 120 127 


also supplied by diffusion from the upper layer. 
2 


* Liquid broke into two layers, sample was in lower aqueous layer; 


the monomer for the grafting was probably 
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Per cent grafting 


500 600 
hr of irradiation 
Fic. 1. Grafting-time curves for polyvinyl] alcohol. 
>, 300 r/min 


@, 87 r/min 
@, 25 r/min 


@, 6 r/min 
Styrene 33 per cent, dioxane 65-5 per cent, water 
1-5 per cent. Irradiation in vacuo. 


normal radical recombination mechanism 
would lead to a slope of 0-5; the lower vaiue 
and the falling off in rate is probably due to 
the increasing effect of diffusion as the dose 
rate increases. 


Per cent graft/hr 


| 


= 


500 1000 


Dose rate, r/min 


Fic. 2. Effect of dose rate on rate of grafting of 
styrene on polyvinyl alcohol. 
(Styrene 33 per cent, dioxane 65-5 per cent, water 
1-5 per cent). 


The effect of the water content of the 
styrene—dioxane solution on grafting is shown 
graphically in Fig. 3. A considerable in- 
crease in grafting rate with water content is 
shown, particularly at the higher dose rates. 


This would be expected since diffusion effects 
become more and more important as the 
dose rate increases. The rate of grafting 
continues to increase with increasing water 
concentration even at the low dose rate, 
showing again that the grafting reaction is 
still diffusion controlled. The almost com- 
plete absence of grafting at 0-5 per cent 
water content is somewhat unexpected as is 
the considerable effect of only 1-5 per cent 
water. The same effect was reported by 
SAKURADA ef al.“), and an explanation can 


nm ow + ro) 
oO re) ro) ro) 


Per cent graft/hr 


oO 


10 
Per cent water 
Fic. 3. Effect of water content on the rate of graft- 
ing of styrene in dioxane solution on polyvinyl 
alcohol. 
O, 810 r/min 
©, 6r/min. 


be gained by examining the water vapour 
sorption isotherms of a similar sample of 
polyvinyl alcohol film shown in Fig. 4. 
A certain minimum activity of water vapour 
appears to be necessary before uptake of 
water begins; on desorption an amount of 
water remains in the film which is difficult 
to remove. Probably a similar “threshold” 
effect is operating in the dioxane—water 
mixtures. 

The observation was made that, even 
when no measurable grafting took place, the 
film was rendered insoluble by the irradiation 
and was apparently not degraded whereas 
a sample of the film irradiated in vacuo for 
similar doses partly dissolved and partly 
disintegrated into gel on placing in water. 
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solution but on addition of water extensive 
grafting took place. ‘Typical results are 
given in Table 2. The greater percentage 


TasLe 2. Grafting of styrene on various substrates 


| 
| Percentage grafting in 


235 hr 


Substrate 
(all unplasticized) 


! z 
| (4-2 Mr) 
| 


Per cent HO by wt 


ee ne | Re 7 Cellophane 

Polyvinyl alcohol 
Cotton based filter paper 
Cotton wool 


Glassine 


Note: Conditions, 33 per cent styrene, 65-5 per cent 
Per cent relative humidit - jae vals aa GEES Ree 
y dioxane, 1-5 per cent water, 300 r/min in vacuo. 


Fic. 4. Water vapour sorption isotherms for 
polyvinyl alcohol at 25°C.) a . : 
© Sorption of grafting in the case of cellophane is 


@ Desorption. undoubtedly due to its much higher amor- 

phous content (50 per cent compared with 

A number of cellulose samples were also about 15 per cent in the case of cotton) and 

irradiated in the styrene-dioxane system. greater swelling with water, i.e. greater 
No measurable grafting occurred in the dry accessibility. 
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Dosage des Groupements Carboxyles des 
Celluloses Oxydées a l’Aide de Cations 
Radioactifs 


P. BUSSIERE,* L. GAVET* et P. ROCHASt+ 
(Received 24 March 1960) 


On a réalisé un semi-micro dosage des fonctions acides de cellulose oxydée, en les saturant 
par des cations marqués ®Co?* et M®Agt. On a étudié le rendement de cette fixation en 
fonction de divers paramétres. Comme premiéres applications de cette méthode, outre le 
semi-micro dosage de routine des groupements carboxyles de matériaux semblables a la 
cellulose, on propose une modification de la méthode gravimétrique a l’uranium préconisée par 
d’autres auteurs, et la confirmation d’un mécanisme complexe pour la réaction d’oxydation 
de la cellulose par l’acide périodique. 


METHOD FOR THE DETERMINATION OF THE CARBOXYL GROUP 
CONTENT OF OXYDATED CELLULOSES, USING RADIOACTIVE 
CATIONS 
A semi-micro method for determining the carboxyl group content of oxydated cellulose 
was developed, by reaction with ®°Co?* and 4®Ag.* It was based on the study of this reaction 
in relation to several parameters. This work results in the routine semi-micro titration of 
COOH in materials like cellulose, in the modification of the previously described uranium 
gravimetric method, and in a new evidence for a complex mechanism of the oxidation of 

cellulose by periodic acid. 


TOSUPOBKA KAPBROCIMJIBHbIX PPYTIT OKMCIEHHOM 
HWEJJUOO3bI C TWOMOUbIO PAJIMOARTUBHbIX KATMUOHOB 

Paspa6oraH TOTyMMKpOMeTOA WIA ONpeyereHuA coxepHaHuA KapOOKCHAIbHEIX Ppylill B 
OKNCIeHHO! WermM1038e 10 peakuun c ®°Co?+ mw MOAgt, Merox ocHopaH Ha JaHHBIx 110 
M3Y4eHMIO HEKOTOPEIX NapaMeTpos 9TOI peakiuM. PesyabTaTMi paoorsl ABIAIOTCA’ Co3aHHe 
mpocroro MeToya MouymMuKporurpopanua COOH Bp matepmazax, Mo,OOHEIX redJIO03e, 
MOAMPUKANMA OMMCAaHHOrO paHee MeTOLa ypaBHOBOil TpaBMMeTpUM, a Tak*Ke NOJyYeHHoe 

HOBOe MOATBEpPAKeHMEe CUOAHOPO MEXAHM3MA OKMCIEHMA NepHoHOl KMCIOTO!. 


BESTIMMUNG DES GEHALTES AN CARBOXYLGRUPPEN DER 
OXYDIERTEN ZELLULOSE MIT HILFE RADIOAKTIVER KATIONEN 


Die Semi-Mikro-Methode zur Bestimmung des Gehaltes an Carboxylgruppen in oxydierter 
Zellulose wurde entwickelt, wobei diese mit markierten Kationen ®Co?+ und 110Ag* zur 
Reaktion gebracht wurden. Ihre Anlagerung wurde als Funktion verschiedenster Parameter 
untersucht. Als erste Anwendung dieser Methode wird, abgesehen von deren Verwendung 
zur routinemassigen Bestimmung der Carboxylgruppen in zelluloseverwandten Stoffen, eine 
Modifizierung der von anderen Autoren beschriebenen gravimetrischen Uran-Methode 
vorgeschlagen, sowie eine Uberpriifung des komplexen Mechanismus fiir Oxydationsreduktion 
der Zellulose durch Perjodsaure. 


* Institut de Recherches sur la Catalyse, Villeurbanne, France. 
+ Centre de Recherches de la Soierie et des Industries Textiles, Lyon, France,—affilié a ’Institut Textile de France. 
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LE dosage des groupements acides créés sur la 
cellulose par divers traitements oxydants ne 
cesse de retenir l’attention. Parmi les 
procédés essayés jusqu’ici aucun n’est com- 
munément admis comme méthode de réfé- 


rence, ni ne présente par ailleurs la 
sensibilité que requiert l’expertise des 
tissus. 


La plupart des auteurs qui ont utilisé la 
fixation de cation sur ces carboxyles ont 
employé des sels d’acides faibles de métaux 
peu solubles.”) La _ reproductibilité des 
résultats dépend alors étroitement du pH 
du milieu et de la nature du matériau, proba- 
blement a cause d’une hydrolyse du sel a son 
contact. Quant a la gravimétrie aprés calci- 
nation des échantillons, elle n’offre pas une 
grande sensibilité, a cause du petit nombre de 
fonctions acides auquel on a affaire générale- 


Nous avons utilisé une oxycellulose obte- 
nue par action de l’acide périodique sur une 
rayonne viscose. Ce réactif donne lieu a 
la réaction ci-aprés.'>) 


ie 
ea Rite 


OH H 


On provoque ensuite une suroxydation des 
groupements aldéhydiques par le chlorite de 
sodium. Le matériau alors obtenu renferme 
des groupes carboxyles en positions 2 et 3‘®: 


CH,OH 
| O 


oS 


| 
a 


(2) 
COOH COOH 


Dans le tissu ainsi traité, on découpe a 
l’emporte-piéces des pastilles de 20 mm de 
diamétre pesant 38 mg seulement. Qua- 
torze de ces échaniillons sont trempés dans 
5 cm? d’une solution d’un sel d’acide fort, et 
dont le cation présente une valence trés 
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ment. Seule la méthode a luranium’)? 
pallie ce dernier inconvénient. 

On a déja songé 4 demander aux indica- 
teurs radioactifs de fournir un _ procédé 
satisfaisant. Il y a quelques années, VALLs et 
al.) se sont adressés dans ce but a !4Ce, 
mais les propriétés chimiques de |’élément, 
Pautoabsorption du rayonnement f utilisé, 
et la quantité de cellulose nécessaire limitent 
Papplication pratique de ce mode opéra- 
toire. Récemment Demint et ARTHUR JR. “ 
ont utilisé des solutions de 4°CaCl, et de 
®CoCl,, mais ne précisent pas leurs condi- 
tions expérimentales ni n’indiquent avoir 
éprouvé la validité du procédé sur des 
échantillons connus. 

Nous avons donc étudié cette méthode et 
Pavons appliquée a de petits échantillons, 
de fagon précise et reproductible. 


stable et permet le marquage par un isotope 
émetteur d’un rayonnement f dur ou d’un 
rayonnement y. Nous nous sommes adressés 


au nitrate de cobalt (1 mmole par cm?) con- 


CH,OH 
tress. 
his a 
_K | 
eS ee (1) 
CHO CHO 


tenant du ® Co (1 wc par cm?) et au nitrate 
d’argent (3 mmoles par cm?) contenant “Ag 
(3 wc par cm’). 

La radioactivité introduite permet de 
suivre trés aisément l’efficacité du traitement 
en fonction du temps de trempage, dont 
dépend une diffusion suffisante pour favori- 
ser l’accessibilité du cation a tous les groupes 
carboxyles. Trente minutes suffisent pour 
cette opération. De la méme fagon on 
détermine les concentrations qui donnent les 
fixations maximales, pour lesquelles on n’a 
de plus trouvé aucune différence en opérant 
a pH 5,6 ou a pH 4 tant avec le cobalt qu’ 
avec Vargent. Enfin on a vérifié par des 


comptages successifs que les ringages élimi- 
nent le sel que contient eau retenue par 
capillarité. 
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Les pastilles sont alors séchées et chacune 
posée dans l’évidement correspondant d’un 
porteur en plexiglas. L’ensemble est sur- 


monté d’un couvercle en duralumin d’épais- 
seur 0,75 mm (210 mg/cm?), qui élimine 
tous les 6 de Co ou les 6 mous de Ag. Le 
dispositif peut étre placé au plus prés de la 
fenétre d’un compteur de Geiger—Miiller 
type cloche, qui recgoit ainsi les rayonne- 
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ments y dans les deux cas, et environs 20 % 
des B de 2,2 MeV de 1°Ag. L’activité est 
proportionnelle au nombre de_ groupes 
COOH contenus dans |’échantillon. On le 
détermine a l’aide du comptage dans les 
mémes conditions d’une quantité connue du 
sel utilisé, en admettant qu’un ion Ag* sature 
un COOH, et qu’un ion Co? se lie a deux 


COOH. 


RESULTATS 


La reproductibilité des résultats est supé- 
rieure a 1 %, précision statistique des comp- 
tages qui ont servi a la tester. ‘Toutes 
les autres déterminations ont été faites a la 
précision statistique de 3%. La figure ci- 
dessous reproduit le nombre de cations fixés 
en fonction du nombre de carboxyles qui 
correspondraient a la consommation de 
periodate suivant la réaction 1. Ce nombre 
de cations fixés a été déterminé par 
radioactivité dans le cas du nitrate de 
cobalt et du nitrate d’argent marqués, et par 
gravimétrie dans le cas de l’acétate et du 
nitrate d’uranyle, sur des échantillons du 
méme matériau. 

On en tire facilement les constatations 
suivantes. 

(1) Le matériau fixe deux fois moins 
d’ions Co?* que dions Ag*. Cela confirme 
que le cation divalent utilisé se lie a deux 
groupements carboxyles, et que chaque 


cation monovalent peut réagir avec un de 
ces groupes. Cela indique d’autre part que 
les deux COOH d’un chainon sont accessi- 
bles a la réaction et que par conséquent le 
dosage est quantitatif. 

(2) On trouve deux fois moins de COOH 
qu’on en attend d’aprés la consommation en 
periodate accompagnant le premier traite- 
ment du matériau. Etant donné le précédent 
résultat, la moitié du periodate provoque 
donc une autre réaction que la réaction 1. 
Certains auteurs pensent d’ailleurs qu'il 
en est souvent ainsi,®>” l’action du periodate 
pouvant étre une dégradation des chainons 
cellulosiques plus avancée que suivant cette 
réaction |. 

(3) On accéde au nombre de carboxyles 
présents dans le matériau qui n’a_ subi 
aucun traitement. 

(4) Les dosages par l’acétate d’uranyle 
conduisent a des résultats différents des 


Cations fixés 


30 40 


Nombre de COOH prévus d’aprés la reaction 104K 


Fic. 


1. Nombre de cations fixés en fonction du 


nombre de groupements carboxyles qui corres- 


pondraient a 


la consommation de _ periodate 


suivant la réaction (1). 
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précédents. On peut penser qu’une réaction la solution plus acide ne donne pas lieu a 
secondaire de précipitation d’hydrate d’ura- Vhydrolyse, on parvient a des résultats 
nyle par hydrolyse de lacétate fausse identiques a ceux que l’on obtient par la 
systématiquement les dosages. En substi- méthode radiométrique présentée ci-dessus. 
tuant a l’acétate le nitrate d’uranyle, dont 
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Radioactive Tracers for Measuring the 
Periods of Retention in Percolating Filters 


G. E. EDEN and K. V. MELBOURNE 


Water Pollution Research Laboratory, Stevenage, Herts. 


(First received 20 January 1960 and in revised form 9 March 1960) 


The period of retention of liquid in a laboratory-scale percolating filter was determined 
using six radioactive tracers and one chemical tracer. Of the radioactive tracers it was found 
that adsorption of Na**, Rb§* and K* was too great for them to be of use. With bromide-Br®?, 
tritiated water and cobalticyanide labelled with Co**® or Co®, more satisfactory results were 
obtained. Of these tracers, cobalticyanide appeared the most suitable, taking into account 
half-life, adsorption and ease of counting. 


LES INDICATEURS RADIOACTIFS POUR MESURER LA PERIODE DE 
RETENTION DANS LES FILTRES PERCOLATEURS 
La période de rétention d’un liquide dans un filtre percolateur de laboratoire se caractérisa 
au moyen de six indicateurs radioactifs et un indicateur chimique. Parmi les indicateurs 
radioactifs on trouva que l’adsorption de Na*4, Rb®* et K* était trop grande pour permettre 
leur emploi. Avec le bromure a Br®?, l’eau tritiée et le cobalticyanure marqué de Co®® ou de 
Co®, on obtenait de meilleurs résultats. De ces indicateurs le cobalticyanure semblait le plus 


convenable, y étant considérées la période de demi-valeur, l’adsorption et la facilité de compter 
lactivité. 


MUCHOJb3SOBAHNE PAJIMOAKRTUBHbIX MHIWMRATOPOB JIA USMEPEHWA 
BPEMEHM YJJEPSKRUBAHIA @RUTKOCTU B NEPRKOJIAWMOHHBIX 
@MUJIBTPAX 

Bpema yiepsKUBaHHA PKUAKOCTH B 1adOpaTOpHOM NepKOJAUMOHHOM PUAbTpe ONpesesAIOCh 
Ip MOMOMM WecTH payMOakTHBHEIXHO 7, HOrO XHMMYeCKOrO HHWKaTOpa. Bio naiiqeno, 
¥TO M3 3a CAMMIKOM BLICOKOI copOupyemocrn Na?4, Rb86 nu K4? npumMenenne ux B KayecTBe 
WHIMKaTopos GecnosesHo. Bosee yOBAeTROpHTeIbHbIe pe3sy.AIbTAaTh ObWIM TWO yYeHI C 
6pomuyzom-Br®?, nogoit, Meyenoit Tpuruem, u KOGambT!I-ynannjzom, Meyentim Co’ nan Co®, 
Hansy4miumM 13 9THX MHAMKATOpOB, C TOUKM 8peHHA Nepnoya noaypacnaya, copOupyemocrn 
WM Werkocrm cyera, OKasaica KOOambT Ul-ynannn. 


VERWENDUNG RADIOAKTIVER INDIKATOREN ZUR MESSUNG DER 
RUCKHALTEZEIT IN KLARFILTERN 

Mit Hilfe von 6 radioaktiven und 1 chemischen Indikator wurde die Riickhaltezeit von 
Fliissigkeit in einem im Laboratoriumsmassstab gebauten Klarfilter bestimmt. Man fand, 
dass bei den radioaktiven Indikatoren Na™4, Rb®* und K* die Adsorption fiir diesen Verwend- 
ungszweck zu gross war. Mit Bromid-Br®?, tritiumhaltigem Wasser und Cobalt!-cyaniden, 
welche mit Co*® oder Co® markiert waren, wurden befriedigendere Ergebnisse erzielt. Unter 
Beriicksichtigung von Halbwertszeit, Adsorption und Einfachheit des Nachweises erscheint 
von den letztgenannten Indikatoren Cobalt!!-cyanid am geeignetsten. 


INTRODUCTION 


Tue percolating filter, as used for the puri- stone, clinker or similar material of nominal 
fication of sewage and certain industrial size in the range 1-3 in., having a depth of 
waste waters, consists basically of a bed of about 6 ft, and provided with means for 
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distributing liquid uniformly over the surface 
and with an underdrainage system for 
collecting the purified effluent. The action 
of the filter depends on the activity of a 
gelatinous layer of micro-organisms, formed 
on the surfaces of the stones, which has the 
property of assimilating and oxidizing or- 
ganic matter. 

The efficiency of this system depends, 
among other factors, on the mean period of 
retention of liquid in the filter. This period 
is usually defined as the average time taken 
for an element of liquid to pass through the 
filter and is therefore a measure of the time 
during which the liquid is available for 
treatment. Retention periods which appear 
to be excessively short are taken as an 
indication of inefficiency due, for example, 
to channelling within the filter. 

The determination of the mean period of 
retention requires the addition to the liquid, 
over a short period, of a tracer substance 
which is not retained or delayed in the filter 
and which may be readily detected in the 
effluent. Unfortunately, the effectiveness of 
a percolating filter for its normal purpose of 
removing polluting substances from water 
also limits the choice of suitable tracer 
materials. For example, organic materials 
which are removed by mechanical action or 
which are metabolized within the filter are 
clearly unsuitable. Furthermore, many in- 
organic substances are removed from solu- 
tion, at least temporarily, by ion exchange 
and give erroneous results. 

The substances generally used hitherto 
are chloride (as common salt) and ammo- 
nium (as ammonium chloride or sulphate). 
Both suffer from the disadvantage that ac- 
curate determination in the effluent by 
normal chemical methods is difficult because 
these substances are already present in the 
liquids usually treated. In addition ap- 
preciable amounts of ammonia are assimi- 
lated or nitrified in the filter. ‘To overcome 
these difficulties it is necessary to add such 
large amounts that the composition of the 
incoming liquid is appreciably altered. 

The ideal tracer therefore is one which 
does not occur naturally in polluted waters, 
which can be detected in low concentrations, 
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and which is not removed, even temporarily 
by the film. 

The type of result obtained by use of such 
an ideal tracer is shown in Fig. 1. The 
following conclusions may be drawn from 
this curve. 


Mean period of 
retention (T) 


= 


CONCENTRATION OF TRACER IN 
EFFLUENT 6 


TIME AFTER ADDITION 
OF TRACER (t) 


Fic. 1. Idealized flow-through curve obtained in 
determination of retention period by a tracer 
method. 


(1) The area under the curve represents 
the amount of tracer recovered. For the 
ideal tracer 


o| Cdt=W 
0 


where W is the weight of tracer added, Q is 
the rate of flow and C is the concentration in 
the effluent at time ¢. This implies that the 
ideal tracer is completely recovered. 

(2) The mean period of retention (7’) is 
given by the weighted mean of the times of 
retention of all the elements making up the 
area under the curve. 


T= | "Ct dt / | vr oe a | Ct dt. 
0 0 0 


This time corresponds to the “‘centre of 
gravity” of the curve. 

(3) The retention of liquid containing a 
non-adsorbed tracer is due to the presence 
in the filter of a volume of water Q7' which 
it displaces. To a first approximation this 
may be taken as the effective volume of the 
film. 

(4) If the total area (A) of the surface of 
the filter medium is estimated by some 
independent method, the mean thickness of 
film Q7/A may be calculated. 
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The mean period of retention may not 
always be the most appropriate method for 
expressing the retention characteristics of a 
percolating filter. For instance, its numerical 
value is strongly influenced by that part of 
the tracer which is retained in the filter for a 
long period. This part of the tracer, forming 
the “‘tail’”’ of the curve, has a large effect on 
the “‘centre of gravity” because of its large 
“moment” about the origin. The presence 
of this tail becomes more obvious when 
radioactive tracers rather than chemical 
tracers are used because of the greater 
sensitivity with which radioactive tracers are 
detected. In practice it is rarely convenient 
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to continue the experiment long enough for 
all the tracer to be recovered and it is neces- 
sary to determine the retention period from 
the results obtained during an arbitrary 
time, say 24 hr. This procedure has been 
adopted in the work described below. 

From the practical aspect, liquid which 
has been retained for a period in excess of 
that in which adequate purification is 
achieved is of less significance than liquid 
which has been retained for a comparatively 
short period. In many cases, therefore, it is 
desirable to express results of retention period 
measurements in terms of the proportion of 
the tracer recovered in a given time. 


USE OF RADIOACTIVE TRACERS 


There are a few references to the use of 
radioactive tracers for measuring the reten- 
tion period of percolating filters. For ex- 
ample, Knop™), using Na*4, determined the 
retention period and hence the volume and 
mean thickness of film. TRUESDALE”), at this 
Laboratory, used Rb*®, but found evidence, 
later confirmed by Fow er", of considerable 
adsorption of this tracer within the filter. 
Roupe"™ used bromide-Br®? and observa- 
tions at this Laboratory on uptake of 
various radioisotopes on mud also suggested 
that this tracer is among the most suitable 
for this purpose. Chloride-Cl** is also suitable 
though its high cost and long half-life 
restrict its use to small experiments. 

In planning a comparison of eight different 
filtering media for use in percolating filters 
it was proposed to obtain measurements of 
the growth of film on the various media by 
making regular determinations of the reten- 
tion periods. The most suitable tracer 
appeared to be bromide-Br®?, though this 
suffered from the disadvantage that, because 
of its short half-life (36 hr), it could not 


be kept in stock for more than a few days. 

A search was therefore made for suitable 
materials which were not retained in a filter 
and which had suitable nuclear properties. 
It has been shown at this Laboratory that 
some complex cyanides, particularly those 
containing iron and nickel, pass unchanged 
through a percolating filter. Unfortunately, 
the nuclear properties of iron and nickel are 
not very suitable. Cobalt however forms an 
extremely stable cobalticyanide which may 
be readily formed from cobaltous salts, and 
has two suitable radioisotopes, Co*® (half-life 
71 days) and Co®® (half-life 5-25 years). On 
addition of a slight excess of potassium 
cyanide to a dilute solution of a cobaltous 
salt, the cobaltocyanide initially formed is 
rapidly oxidized by dissolved oxygen to 
cobalticyanide. 

The following laboratory experiments 
were carried out to compare cobalticyanide 
with the tracers used hitherto and to assess 
its suitability in experiments on a larger 
scale. 


EXPERIMENTAL 


Tests using a small-scale percolating filter 

The filter used in the first experiments 
consisted of an asbestos cement pipe, 6 ft 
long and 6 in. in diameter, containing clinker 
medium of nominal size 3in. It was supplied 


with sewage in 55 ml doses at intervals of 
4 min, corresponding to a mean rate of 
dosing of 100 gal/yd® per day. The filter was 
well matured and all determinations were 
carried out within 8 days. It was assumed 
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that the retention period did not change 
appreciably in the course of the series of tests. 

The tracers chosen for comparison were 
Na*4, Rb®¢ and bromide-Br* (since their use 
had been described in the literature), K* 
(which has also been used for retention 
period measurements, though not in per- 
colating filters) and cobalticyanide-Co'®. 
The first four tracers were prepared by pile 


Na form, to 9 ml solution). The complexed 
material was completely unaffected by this 
treatment. Using this procedure as a test 
for cationic cobalt it was later shown that 
material prepared as described was stable on 
storage for several months. 

In the tracer experiments an aliquot of the 
tracer solution was diluted to 55 ml with 
sewage and was added at the top of the 


03 
4 
4 , 
= 
g 01 
— 
Zz L 
%_ 0034 
be 
w 
zy ‘Ol 
zz 0-0ly 
Ee 
20 
ES 0-003 
<3 
u 
oh 
zs 0-00! om RETENTION | PERCENT RECOVERY 
fe) & : SRE] Pome PERIOD IN| 23 he 
3 , CoS8 | k3[Co(CN),]] 4.36 HOURS 82 
Br 82 NH, Br | 4-56 a8 
z 00003}; Na 24 Na, co, | 7-25 69 
Rb 86 Rb ci 12-7 6 
K 42 K,CO, Pi3-3 14 
0-0001 i 1 ! it L | it 1 l ! 
0 2 4 6 8 10 12 14 16 18 20 22 


PERIOD AFTER ADDITION OF ACTIVITY (hr) 


Fic. 2. Comparison of tracers for measurement of retention periods in a percolating filter. 
Rate of flow, 100 gal/yd* per day (approx.). 


irradiation of 0-1 g quantities of suitable 
inorganic compounds. These were dissolved 
separately in water and diluted to a con- 
venient level of activity. 

Co* is considerably more expensive than 
Co®, but was used in the first experiments 
because of its shorter half-life. The material 
was supplied by the Radiochemical Centre, 
Amersham, as a carrier-free solution; 0-5 mc 
was mixed with 0-5 mg cobalt carrier and 
was treated with a slight excess of potassium 
cyanide solution. The solution was then 
acidified with sulphuric acid and warmed 
on a water bath to expel the excess cyanide. 
An aliquot was then taken for the tracer 
experiments. 

Subsidiary experiments showed that the 
original cobalt activity could be removed 
completely from solution by shaking for 
10 min with a powdered cation-exchange 
resin (1 ml Zeokarb 225, —100 +200 mesh, 


filter at zero time in place of one regular 
dose of sewage. Samples of effluent from the 
filter were collected at predetermined inter- 
vals using automatic sampling equipment. 
Sampling was continued for a long enough 
period to give an adequate picture of the 
behaviour of the tracer. 

The shorter-lived tracers were investigated 
first. Before beginning a further experiment, 
tests were made to ensure that the level of 
residual activity in the effluent was negligible. 

The activity of samples of effluent was 
determined by counting 10 ml samples 
either in a liquid G.M. counter type M6H 
or in a y-scintillation counter, using the more 
efficient method for each isotope. Dilutions 
of the original tracer solution were also 
counted so that an activity balance could be 
drawn up. The results of these tracer 
experiments are shown in Fig, 2. 

In these graphs the levels of activity have 
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3. Comparison of cobalticyanide-Co®® and ammonium chloride for measurement of retention 
I ) 


period in a percolating filter. 
Rate of flow, 100 gal/yd® per day. 


| Retention | 
| period (hr) | recovered in 24 hr 


Tracer Form 


Percentage 


| Co(CN) 
NH,Cl 


Co°8 
NH, 


74 
17 


3-81 
4-56 


been made directly comparable by expres- 
sing the concentration in the effluent in terms 
of unit activity added. Rather similar curves 
were given by Br’? and by cobalticyanide. 
Furthermore, the initial rate of increase of 
activity after addition of cobalticyanide was 
rather greater than the corresponding rate 
after addition of Br®*, suggesting that the 
cobalticyanide was adsorbed to a smaller 
extent than Br®?. Na*4, Rb§* and K* were 
adsorbed to so great an extent as to be useless. 
In no case was the tracer completely 
recovered within the duration of the experi- 
ment. 

The retention period of the same filter 
was redetermined some time later using 
3-9g ammonium chloride (Fig. 3). The 
curve obtained approximated roughly in 
shape to that obtained on the following day 
using cobalticyanide. Because of assimilation 
and nitrification, however, only a small 
proportion of the added ammonia appeared 
in the effluent and the “‘tail’” of the curve 
was difficult to determine. 

A further comparison was carried out in 
the same filter some weeks later between 


cobalticyanide and water labelled with 


tritium (Fig. 4). The tritium content of 
samples of effluent was determined by the 
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Fic. 4. Comparison of cobalticyanide-Co® and 
water-H? for measurement of retention period in a 
percolating filter. Rate of flow, 100 gal/yd* per day. 
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TaBLe 1. Comparison of volume of film* in rotating-tube filter determined by various radioactive tracers 
with actual value determined by direct measurement 


Volume of film 


Recovery (ml) Ratio 
Tracer used of tracer voluime calculated 
| (%) Calculated from Determined by volume measured 
retention period | direct measurement | 
cls 100 | 37-5 1-28 
Br82 | 99 86 1-13 
Cos 97 | 172 185 0-93 
(cobalticyanide) | | 


* On different occasions. 


National Institute for Research in Dairying 
at Reading. Although there was fairly close 
agreement, tritium was retained to a slightly 
greater extent than cobalticyanide particu- 
larly during the first few minutes of the 
experiment. Tritiated water (which requires 
special methods of radioassay) is therefore 
not superior to cobalticyanide for this 
particular purpose. 


Comparison of results obtained for volume of film 
by the tracer method and by direct weighing 


By using a laboratory filter of a type in 
which the weight of film may be determined 
by direct weighing, the accuracy of the 
tracer method may be assessed. ‘The filter 
consists of a Perspex tube inclined at a low 
angle to the horizontal, rotated about its 
longitudinal axis at 18 r.p.m., and supplied 
with sewage at a constant rate. Under these 
conditions a biological film similar to that of 
a percolating filter is formed on the internal 
surface of the tube. The retention period of 


a mature filter of this type was determined in 
the manner described using chloride-Cl**, 
bromide-Br®?, and cobalticyanide-Co®. A 
short time before or after the radiochemical 
determination, the application of sewage to 
the filter was interrupted and the surplus 
liquid from the film drained into a measuring 
cylinder. By weighing the filter tube plus 
film and subtracting the known weight of the 
tube, the weight of drained film was obtained. 
Addition of the weight of water drained 
from the filter gave a total weight of film 
plus water under operating conditions. 

The mean retention period calculated from 
the results of the tracer experiments was 
divided by the rate of flow to give the 
effective volume of the film. The two sets of 
values are compared in Table 1. 

Although complete agreement was not 
obtained, the estimate obtained by the 
tracer method is adequate for many pur- 
poses. Of the three tracers cobalticyanide- 
Co®® gave the closest approximation to the 
measured value. 


DISCUSSION 


The experiments reported above indicate 
that, of the radioactive tracers at present 
available for measuring retention periods in 
percolating filters, cobalticyanide containing 
radioactive cobalt is the most suitable. It is 
interesting to note that Haevy and his 
colleagues‘®) have recently proposed the use 
of the same tracer for observing the move- 
ment of ground water. Of the two available 
radioisotopes of cobalt, Co®® is preferable for 


laboratory work because its shorter half-life 
minimizes build-up of radioactive contami- 
nation. The ingestion hazard involved in 
working with either of the isotopes is not 
excessive provided that normal precautions 
are taken. The use of these isotopes on a 
large scale, for example on a sewage works, 
would be dependent on permission being 
granted for the discharge of radioactivity in 
the effluent. 
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It appears from the experiments described 
that radioactive cobalticyanide should prove 
useful for determinations of retention periods 
in the laboratory and, under suitable con- 
ditions, in pilot-plant and on the large scale. 
It is also possible that the tracer may find 
other applications where one with little 
tendency to adsorption is required. 
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The results presented show that both the processes of incorporation of water into, as well 
as its removal from, the surface structure of solids are accompanied by the release of a fraction 
of the inert gas label, introduced there by ionic bombardment. The extent and time de- 
pendence of the release during surface hydration are dependent on the nature and porosity 
of the labelled substance. By following the release in the course of thermal dehydration, it is 
possible to discern initial stages of individual dehydration steps. The method can provide us 
with new information on changes produced in the structure of the outermost layers of a solid 
during processes of adsorption and desorption. 


LA LIBERATION D’UN INDICATEUR RADIOACTIF DE GAZ INERTE HORS DES 
SURFACES DES SOLIDES PENDANT L’HYDRATION ET LA DEHYDRATION 

Les résultats ici offerts montrent que le procédé de l’incorporation de |’eau dans la structure 
de surface des solides, ainsi que le procédé de son déplacement, s’accompagne de la libération 
d’une proportion de l’indicateur de gaz inerte qui y a été introduit par le bombardement 
ionique. Le degré, et la dépendence sur le temps, de cette libération pendant l’hydration de la 
surface dépendent de la nature et de la porosité de la matiére marquée. En poursuivant la 
libération au cours de la déhydration thermique on peut reconnaitre les périodes initiales des 
gradins individuels de la déhydration. La méthode peut nous donner des nouvelles informations 
sur les changements qui se produisent dans la structure des couches extérieures d’un solide 
pendant les procédés de l’adsorption et de la désorption. 


BbIqTEJIEHAE MEYUEHOTO AMHEPTHOLO TA38A C TBEPIIBIX 
MOBEPXHOCTEM TPH PUJIPATAUMM WU TErMTPATAUMM 
IJoayueHHbe pe3yJIbTaTh MWOKA3bIBaIOT, YTO KAK BBeTeHMe, TAK HM yyaeHMe BO C 
NOBePXHOCTH TReEPOTO Tela COMpPOBOAAWTCA BBIeIeHHeM HeKOTOPO JOM MeueHOrO 
MHepTHOrO rasa, BBOMMOrO Ip MOHHOM OomOapyupoBKe. HovmuecrBo BbieaAemoro 
pagquoakTHBHOrO raza UW 3aBMCUMOCTL OT BpeMeHM IPH MOBePXHOCTHOM ruApaTaluu 3aBucAT 
OT IIpuposbt u Wopucrocru MeyeHoro BellectBa. IO BEIeTeHMIO paqMoakTUPUOrO rasa pH 
TepMiueckolt Jeruparalyun MO*KHO pa3zluuaTh HavaIbHble CTaqWM O1,e1bHEIX aAKTOB 
qerugparanun. Meroy aer BOSMO7KHOCTH NOJYUNTh HOBLIE JAHHEIe OO M3MCHEHHAX CTPYKTYPbI 

CaMBIX BePpXHHX C10eB TBEPAOTO Tea, IPOMCXOAAMMX Ipu ayconouun wu jecopoumn. 


DAS FREIWERDEN RADIOAKTIVER, ZUR MARKIZ;RUNG DIENENDER 
INERTER GASE VON OBERFLACHEN FESTER KORPER WAHREND DER 
HYDRATATION UND DEHYDRATAION 

Die vorliegenden Ergebnisse zeigen, dass sowohl beim Einbaprozess von Wasser in die 
Oberflachenstruktur fester Kérper als auch bei seiner Entfernéing aus dieser ein Teil des 


inerten Markierungsgases, das durch Jonenbeschuss eingefiihrt wurde, freigesetzt wird. Das 
Ausmass und die zeitliche Abhangigkeit der Desorption wahrend der Oberflachenhydratation 
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werden durch Art und Porositat der markierten Substanz bestimmt. 


Indem man die Ent- 


fernung des Gases im Verlaufe der thermischen Dehydratation verfolgt, ist es méglich, An- 
fangsstadien individueller Dehydratationsstufen zu erkennen. Die Methode kann uns neue 
Erkenntnisse iiber Strukturveranderungen in den Oberflachenschichten fester Stoffe ver- 
mitteln, die wahrend der Adsorption und Desorption vor sich gehen. 


INTRODUCTION 


Ir was shown in the author’s previous com- 
munications"?.3) that surface labelling of 
solids with radioactive inert gases, achieved 
by exposing them to the action of an electric 
discharge in a mixture of radon, Xe!*! or 
Kr** with air, represents a useful method for 
studying various surface properties. In the 
course of the discharge, the gas ions acquire 
sufficient energy to penetrate, upon impact 
on a solid surface, into the lattice of the solid 
and are trapped there in interstitial positions. 
The radioactive gas label thus obtained is 
confined to an extremely thin surface layer, 
equivalent to about 1 wg/cm?. There are 
two possibilities by which the surface label- 
ling method can be exploited for surface 
studies. The first one is based on the deter- 


mination of the relative activity acquired by 
the surface during labelling, which is depen- 


dent on the chemical composition of the 


outermost layer of the solid. The second is 
based on measuring the release of the radio- 
active gas from the labelled surface. As the 
atoms of the radioactive gas are confined to 
a very thin surface layer they are very liable 
to be released during any chemical or 
structural change produced by a chemical 
reaction or any other action in the outermost 
layer of the solid. 

This communication deals with results 
obtained while observing the release of the 
inert gas label during a very important class 
of reactions in which water is incorporated 
(adsorbed) into or removed from the surface 
structure of the solid. For convenience sake 
we shall call these reactions “‘surface hydra- 
tions” and ‘“‘dehydrations” regardless of 
whether they involve adsorbed or structural 
water in the thin surface layers. 


EXPERIMENTAL 


Surface labelling of powdered substances 
with Rn or Kr*® through the action of a 
high-frequency discharge was accomplished 
in these experiments in a very simple glass 
apparatus shown in Fig. 1. A mixture of 
the radioactive gas with air (with activity 
of several tens to several hundreds of micro- 
curies) was stored by keeping it adsorbed on 
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charcoal in a small glass bulb. To fill the 
apparatus the gas was desorbed by heating 
the adsorbent, and after labelling, the re- 
maining gas mixture could be re-adsorbed 
on the charcoal again. The labelling was 
carried out in a flat glass cell, 2 cm in diam- 
eter, in which a 30-70 mg sample of the 
substance to be labelled was spread to form 
a layer about 1 mm thickness. The appara- 
tus was first evacuated and filled with the 
radioactive gas mixture up to pressures vary- 
ing from 1 to 10 mm mercury. With lower 
pressures, generally higher label activities 
were achieved. A high-frequency discharge 
of about 5 sec duration was then produced 
in the cell by placing it between electrodes 
connected to the secondary terminals of a 
Tesla coil (a small vacuum testing device). 
Several short discharge-runs with cooling 
periods interposed between them were pre- 
ferred to a single continuous discharge-run 
in order to avoid excessive heating of the 
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labelled sample due to the discharge. The 
activity of the inert gas label in the samples 
was of the order of tenths of a microcurie. 

Usually two glass cells, both containing 
identical samples of the substance involved, 
were simultaneously attached to the appara- 
tus and both were filled with the radioactive 
gas mixture. Only in one of the cells was the 
substance subjected to discharge labelling, 
the other sample serving as control to reveal 
effects due to ordinary adsorption of the 
radioactive gas. Actually such adsorption 
effects were practically absent with non- 
porous substances but were detected with 
porous substances, especially with silica gel. 
But even here the quantities adsorbed and 
effects due to it were far below those observed 
with discharge labelled samples. 

Because by the labelling procedure, the 
radioactive gas was introduced also into the 
walls of the labelling cell. For the purpose 
of measuring the net release from the labelled 
substance only, the latter had to be trans- 
ferred into another container. For the 
measurements of the release, during hydra- 
tion reactions, the labelled sample was 
transferred from the labelling cell through 
the polythene tube in vacuo (to avoid possible 
influence of air and humidity) into a suitable 
type of reaction cell. For experiments with 
radon this cell had the form of a short tube 
with a sintered glass diaphragm, where the 
labelled substance was spread to form a thin 
layer. Measurement of the release of the inert 
gas label was carried out under dynamic 
conditions with a stream of carrier gas 
(nitrogen or oxygen) continuously passing 
through the labelled sample in the cell at a 
rate of 60 ml/min. After having passed 
through the cell, the carrier gas entered the 
chamber of a flow-type «-scintillation coun- 
ter, where the alpha activity of the released 
radon was continuously measured. ‘The 
construction of the chamber was similar to 
that described by Lucas: a brass chamber 
(volume 10 ml) with walls coated with a 


ZnS layer and a glass window viewing the 
photomultiplier. The impulses from the 
photomultiplier were fed to a ratemeter and 
recorder with a chart speed of 120 mm/hr. 
Measurement of the kinetics of the radon 
release was based on the radon activity 
recorded in the carrier gas. Direct measure- 
ments of the decrease of the beta or gamma 
activity of the labelled samples could be 
made only after the establishment of the 
radioactive equilibrium with radon decay 
products and could thus not yield informa- 
tion on actual kinetics of the release. This 
disadvantage was not encountered in experi- 
ments with krypton-labelled substances where 
the release could be followed, both by 
measuring directly the decrease of the 
activity of the sample and by registering 
the activity of the released krypton in the 
carrier gas. Because of the soft beta radiation 
of Kr**, the labelled samples had to be 
transferred into special reaction cells the 
bottom of which formed a thin mica window 
on which the sample was spread. ‘The 
changes of the activity of the labelled samples 
during hydration were continuously measured 
by an end-window GM counter placed close 
to the window of the cell. Measurements of 
the activity of the released krypton in the 
carrier gas were carried out in a gas counting 
cell with another end-window GM counter, 
the counts being integrated and registered 
similarly as in experiments with radon. 

Release of the inert-gas label during 
thermal dehydration was followed by measur- 
ing radon or krypton in the carrier gas in 
the same manner. For these experiments 
the labelled sample was placed in a U-tube, 
through which the carrier gas was continu- 
ously passed. The U-tube with the sample 
was inserted in an electrical furnace, the 
temperature of which could be progressively 
increased. The temperature was measured 
with a thermocouple inserted directly into 
the sample investigated. 


RELEASE OF THE LABEL DURING SURFACE HYDRATION 


The release of radon and krypton labels 
during exposure to water vapours was 


3 


investigated with a number of substances, 


mainly oxides. A most detailed study has 
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been performed, especially with crushed 
glass and quartz (being taken as representa- 
tives of relatively non-porous substances), 
and silica gel and alumina (representing sub- 
stances with a large internal area). The 
commercial silica gel with a specific surface 
of 450 m?/g and gamma alumina activated 
for 5 hr at 470°C (specific surface 270 m?/g) 
were used. All substances used were in the 
form of fine grains of the same size range 
(diameters 0:25-0:65 mm). In most of the 
experiments the samples were dehydrated 
before labelling to 300-400°C in vacuo 
directly in the labelling cell. 

Measurements were started by introducing 
the stream of dry carrier gas into the reaction 
cell and allowing it to pass over the labelled 
sample. With non-porous substances gener- 
ally no release of the activity into the carrier 
gas could be observed at this stage but a 
release of a small fraction of the radioactive 
gas from porous substances, especially from 
silica gel, was detected. ‘This release, as 
determined in control experiments mentioned 
earlier, is due to radioactive gas merely 
adsorbed on the samples or contained in 
their pores. This kind of release practically 
declined after the dry carrier gas was 
streaming through the sample for about 
10 min. 

The hydration experiment was then car- 
ried out in such a way that at a certain instant 
the dry carrier gas was substituted for a 
stream saturated with water vapour at room 
temperature. In experiments with glass and 
quartz, the introduction of water vapour 
into the carrier gas was accompanied by an 
almost immediate release of a large fraction 
of the gas label. A typical result of such an 
experiment with glass (Sial) is shown in 
Fig. 2. The record of the krypton activity in 
the carrier gas is shown in the lower part, 
and relative changes of the activity of the 
sample (obtained by direct measurements) 
in the upper part of the figure. The period 
of rapid release was completed after a period 
of about 10 min exposure to water vapours, 
the krypton activity of the glass samples 
decreasing thereby to a mean value of 
67-7 + 1-8 per cent of their initial value. 
Thereafter a slow release of the gas label 
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continued, and after about 18 hr exposure 
to saturated water vapour at room tempera- 
ture, their activity dropped to 40 per cent of 
the initial value. With quartz the time de- 
pendence and extent of the release were very 
similar. 

The results observed with porous sub- 
stances (silica gel, alumina) differed in the 
respect that there was no sudden release of 
the label but that it was extended over a 
much longer period. The general feature of 
the release from silica gel are shown on 
Fig. 3. After an 18 hr exposure to water 
vapours, the activity of the krypton-labelled 
silica gel dropped to about 30 per cent of its 
initial value. 

The release of the inert-gas label during 
hydration was observed also with a number 
of other substances, e.g. platinum, ger- 
manium, corundum, graphite, and it seems 
that it is a general phenomenon. The 
smallest release due to surface hydration so 
far observed was with graphite, where only 
13 per cent of the activity were released 
after a 20 hr exposure to water vapours. 

Most of the hydration experiments of this 
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type were carried out with samples labelled 
with krypton as well as with radon. General 
feature of the results was the same, but with 
radon, however, the influence of the alpha 
activity of RaA formed in the counting 
chamber on the shape of the release curves 
had to be borne in mind. 

The results obtained show that the inter- 
action of water vapour with the surface of a 
large variety of substances, is able to cause 
the release of a fairly large fraction of the 
inert-gas label. It seems that most of the 
effect is caused by a simple adsorption of 
water vapour on the surface. However, we 
cannot exclude the possibility that the up- 
take of structural water (which could be 
partially removed from the surface by heat- 
ing‘.®), prior labelling or by ionic bombard- 


183 


ment during labelling) is contributing to 
some extent. The difference in the time 
dependence of the release observed, e.g. with 
glass and silica gel, is very probably caused 
by the difference in porosity. In porous 
substances both the access of water vapour 
to the pores as well as the transport of the 
released radioactive gas from the pores is 
slowed down and causes a delay in the 
release actually recorded. 

By the action of water vapour only a part 
of the gas label is released, very probably 
those inert-gas atoms which were trapped 
during labelling in the lattice close to the 
surface and which lay within the range of 
the effects produced in surface by water 
adsorption. As to the main mechanism by 
which the water vapour adsorption could 
produce the release, one may speculate with 
two alternative possibilities. It could be 
explained by assuming that the adsorption 
of water molecules, perhaps because of their 
strong polar properties, are able to induce 
some changes in the lattice (lattice par- 
ameters) in the few outermost layers of the 
solid; changes, as a result of which the inert- 
gas atoms embedded there in interstitial 
positions would be freed. The other alterna- 
tive explanation is that the release is caused 
by an intermittent local increase of the 
surface temperature, due to the release of 
the adsorption heat. We shall probably be 
able to state more definite conclusions, as far 
as the release mechanism is concerned, after 
the influence of the adsorption of other 
substances on the release have been investi- 
gated. 


RELEASE OF THE LABEL DURING THERMAL DEHYDRATION 


The release of the inert-gas label was also 
studied during processes in which water 
was removed from the surface structure of 
the labelled samples when these were sub- 
jected to thermal treatment. The first series 
of experiments of this kind was carried out 
with substances which lose crystal water 
when heated. A most detailed study was 
carried out especially with calcium sulphate, 
the dehydration steps of which are well 


known from measurements with differential 
thermal analysis.‘” 

Hydrated samples of calcium sulphate 
were labelled with radon, transferred into 
the U-tube and the release of radon into the 
carrier gas was measured while increasing 
the temperature at a rate of 10°C/min. Two 
well-defined peaks on the radon release 
curves were observed at temperatures of 90° 
and 135°C respectively (Fig. 4). The relative 
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height of the first peak was 0-6 with respect 
to the second. Differential thermal curves of 
calcium sulphate’) also exhibit two peaks 
at temperatures of about 130° and 160°C 
which are known to correspond to the 
dihydrate-semihydrate and semihydrate-an- 
hydrate transitions respectively. It is very 


probable that the two radon release peaks 


also correspond to these dehydration steps. 
They occur at somewhat lower temperatures 
at which dehydration of the surface of the 
labelled grains commences. 

When calcium sulphate was labelled in a 
dehydrated state, the two peaks were absent 
and most of the radon was not released until 
at temperatures between 200° and 300°C. 
When a sample labelled in a dehydrated 
state was exposed to the action of saturated 
water vapour at room temperature, an 
intensive radon release was observed. When 
dehydrating this sample, thereafter, a small 
peak at about 130°C appeared but most of 
the radon was released again between 200° 
and 300°C. 

The results obtained here bear a great 
similarity to the results gained when follow- 
ing the changes of emanating power with 
temperature. The release is occurring during 
changes of the surface structure produced 
by the loss of crystal water and individual 
dehydration steps are thus marked by peaks 
on the release curve at the respective tem- 
perature. The release of the gas label 
reflects more specifically the behaviour of 
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the outermost surface layer (as compared, 
for example, with the differential thermal 
analysis) and the method is thus suitable 
especially for the study of the initial stages 
of dehydration processes. However the use 
of the method is limited to a low temperature 
range, where no substantial release is pro- 
duced by mere thermal effects. 

The second series of dehydration experi- 
ments was carried out with the substances 
which had been used in hydration studies. 
They were labelled in dehydrated state and 
then rehydrated by at least 16 hr exposure to 
saturated water vapour at room temperature 
before each experiment. They were then 
placed in the U-tube, through which the 
dry carrier gas was passed, and the release 
of the gas label was measured while inserting 
the U-tube in a certain moment into the 
furnace preheated to the temperature of 
200°C. This produced a rapid release of a 
fraction of the gas label in the form which 
can be seen in Fig. 5, where the results of 
such an experiment with radon-labelled 
alumina are shown. After about 10 min 
the release declined and no substantial 
release occurred when cooling down the 
temperature of the sample and heating it 
again. If the sample was hydrated again by 
exposure to water vapours and then sub- 
jected to a second thermal dehydration, 
further release occurred, although much 
smaller in magnitude. With alumina there 
was no substantial release during periods of 
repeated hydration but in experiments with 
glass, both the periods of repeated hydration 
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and dehydration were accompanied with 
small peaks on the release curve. 

In these experiments water desorption was 
very probably responsible for the gas label 
release observed during thermal dehydration, 
as no substantial structural dehydration 
would take place at temperatures below 
200°C. The results of the second series of 
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dehydration experiments also seem to sup- 
port the assumption that the adsorption and 
desorption of water vapour is able to affect 
to some degree the structure of the lattice of 
the outermost layer of the solid. 
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Activation Analysis of Manganese in Pulp 
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Activation analysis by gamma spectrometry of manganese in pulp has been performed in 
the range 0-25-100 p.p.m. Test analyses show a maximum error in the manganese values of 
+5 per cent. The manganese values for pulp obtained by chemical methods show good 
agreement with those obtained by activation analysis in the range over about 5 p.p.m., while 
bad agreement is obtained at | p.p.m. or less. 


ANALYSE PAR ACTIVATION DE MANGANESE DANS PULPE 
Le manganése a été déterminé dans la pulpe pour des concentrations entre 0,25 et 100 p.p.m. 
Les analyses d’essai montrent que l’erreur maximum de la quantité de manganése est de 5%. 
Les déterminations chimiques se trouvent en bon accord avec celles faites par activation pour 
les concentrations au-dessus de 5 p.p.m. tandis que l’accord est mauvais pour les valeurs de 
1 p.p.m. ou moins. 


AKTUBAIMOHHbINM AHAJIM3 HA COJIEPSRAHHE MAPLAHIIA B ITYJIbIE 

T'amMMa-ciekTpOMeTpHYeCKHii AKTHBAINMOHHEIM aHasu3 Ha MapraHell B Iy1ble MpOBOAMICA 
pH cosepx#taHuAX MapraHya OT 0,25 go 100 yacTreii Ha MuaaMmo0H. Ilposepounsiit ana 
noKaszad, YTO MAKCHMAJIbHaA MOrpeulHoOcTh cocTaBAda +5 mpornentos. IIpu coxepskanuu 
MapraHiia OKOO0 5 yacteli Ha MH.JLIMOH HaOJofaeTCH xopomee corjacne Me?K],y aHHbIMK 
XHMMYeCKUX MeTOIOB aHaJIM3a WM AKTMBAIMOHHOrO aHain3a, pu cOwepmHaHun Ke B 1 YaCTb 
Ha MUJIJIMOH J[aHHbIe He COBMaarwr. 


AKTIVIERUNGSANALYSE VON MANGAN IN PULPE 
Mangangehaltsbestimmungen in Pulpe durch Aktivierungsanalyse im Bereich von 0,25 . 10-4 
bis 10~? Prozent werden beschrieben. Zu diesem Zweck durchgefiihrte Versuchsreihen zeigen 
dass der Fehler héchstens 5° der vorhandenen Manganmenge betragt. Manganbestim- 
mungen mit chemischen Methoden zeigen gute Ubereinstimmung mit den Resultaten der 
Aktivierungsanalyse fiir Manganmengen iiber 5 . 10-49%, fiir 10-49, Mn oder weniger ist die 
Ubereinstimmung schlecht. 


INTRODUCTION 


THE small amounts of manganese (0-1-5 to compare values obtained by activation 
p-p.m.) usually present in viscose pulp can analysis, which is very sensitive for manga- 
cause serious trouble and so should be known’ nese, with values obtained by ordinary 
quantitatively. It was therefore of interest chemical analysis. 


CHOICE OF ACTIVATION ANALYSIS METHOD 


The principles of activation analysis have _ types of activation analysis; complete chemi- 
been reviewed in several papers and will not cal activation analysis with chemical separa- 
be discussed here.) There are two different tion and direct spectrometric activation 
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analysis including y-spectrometry. ‘The latter 
may also be termed “non-destructive” acti- 
vation analysis.) If one uses this term one 
has to remember that although the analysis 
is performed in situ, covalent material such 
as cellulose is profoundly degraded by the 
radiation. A spectrometric activation analy- 
sis made directly on the pulp has considerable 
advantages over the classical chemical meth- 
ods because the risk of manganese losses 
during the ashing of the pulp is avoided. 
In the chemical activation analysis, correc- 


Neutron irradiation of manganese, which 
consists entirely of Mn**, forms the radio- 
active isotope Mn*®, which decays by /- 
emission with y-rays of 0-85, 1-81 and 2-13 
MeV (Fig. 1). The half-life of Mn*® is 
2:6 hr. The thermal cross-section for the 
section Mn®5(n, y)Mn*® is 13-4 barns. The 
calculated sensitivity for activation analysis 
using chemical separation of manganese to 
radiochemical purity after irradiation to 
saturation at a flux of 10° n/sec per cm? is 
3.10-4 wg while the sensitivity under the 
same irradiation conditions for an activation 
analysis by means of y-ray spectrometry is 
calculated to be 6. 10-3 ug. 


In spectrometric activation analysis of an 
element, other elements which emit y- 
radiation of higher energy than the one used 
for the analysis, can interfere with the 
analysis by giving a background due to 
Compton and_ back-scattered radiation. 
Therefore in most practical cases the 
sensitivity limit for a certain element is 
determined not only by the amount of 
radioactivity formed in a certain mass 
of the element but also by the amount of 
interfering radiation from other elements. 
The most suitable radiation for spectro- 
metric activation analysis of Mn°® is the 
0-85 MeV y-ray (Fig. 2). Other impurities 
of importance in the pulp were copper 


Activation analysis of manganese in pulp 


NUCLEAR DATA 


INTERFERING RADIATION 


187 


tions for losses can theoretically be made by 
adding a carrier amount of the element to be 
determined and correcting for losses during 
the chemical procedure after weighing the 
final pure sample of the element or a well- 
defined compound of it. This correction 
presumes the same percentage losses of 
carrier and manganese in the pulp during 
the ashing which may not be true. Therefore, 
spectrometric activation analysis has been 
preferred in the experiments described in 


this paper. 


Fic. 1. Disintegration 
scheme of Mn*®, 


(1-10 p.p.m.) and sodium (10-1000 p.p.m.). 
Radiation from radioactive copper (ft, y, 
1:34 MeV) does not disturb the spectrum 
at the levels in question as the annihilation 
radiation is below 0-85 MeV and the 1-34 
MeV y-radiation is emitted in only 0-5 per 
cent of the disintegrations. Also copper has 
a thermal neutron cross-section four times 
lower than manganese and a longer half-life. 
Interference from Na” is also low because 
of the low cross-section for the reaction 
Na*8(n, y)Na*4 and is minimized by using 
an irradiation time of only 2-3 hr. Only the 
highest levels of sodium in the pulp can be 
expected to interfere with the spectrometric 
determination of manganese. 
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Fic. 2. Scintillation spectrum of Mn** y-radiation 
from neutron activated pulp. A } in. x I in. 
NalI(TI) crystal serves as detector. The scanning 
has been made (from right to left in the figure) 
from about 1 MeV downwards, tracing the 0-85 
MeV Mn** photo peak, then turned back again 
from about 0-65 MeV upwards in the energy scale. 
In this manner some idea of the instrumental 
reproducibility is obtained. The decay is evident 
in the figure. 


PROCEDURE FOR ACTIVATION ANALYSIS 


Irradiated pulp was analysed using a 
single-channel scintillation spectrometer with 
alin. X lin. Nal(TI) crystal. 


Pulp analysis 

0-1-1 g samples of pulp were cut with a 
clean pair of scissors made of stainless steel. 
‘Two samples of each material were prepared. 
On one of the samples a small, known 
amount of MKnO,-solution of known man- 
ganese content in the range 10-100 wg was 
dropped and then evaporated. ‘The samples 
were wrapped in aluminium foils and irra- 
diated in one container in the Swedish reactor 
R1 at 6. 10" n/sec per cm? for 2 hr. 

After irradiation the samples were re- 
wrapped in inactive aluminium foil and y- 
spectra from lower to higher energy and vice- 
versa were recorded (Fig. 2). The areas of 
the spectrometer peaks at 0-85 MeV were 


measured and the amount of manganese in 
the material was calculated by comparing 
the areas of the standard and the sample for 
rising and for falling energies (the area of the 
standard being corrected for the amount of 
manganese originally present in the material) 
and a mean value taken. 


Test analysis 


0-1 g samples of pulp were cut as above. 
On the samples known amounts of KMnQO, 
solution of known manganese content were 
evaporated. The samples were wrapped in 
aluminium foils and irradiated in three 
containers. Containers 1 and 2 each con- 
tained two samples with the same amount 
of manganese, container 3 contained four 
samples with amounts of manganese in the 
proportions 0-250 : 0-750 : 0-750: 1-00. After 


irradiation the samples were treated as above. 


RESULTS 


The results are given in Tables 1, 2 and 3. 
In the tables areas measured with rising 


y-energy are named “area 1” and areas 
measured with falling y-energy “area 2”’. 


DISCUSSION OF RESULTS 


As can be seen from Table 1(b), activation 
analyses agree reasonably well with chemical 


analyses only when the manganese content 
exceeds about | p.p.m. The accuracy of the 
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TABLE I(a.) Activation analysis of manganese in pulp* 


Sample 1 


— mean value 
area 


p-p.m. 


Mean value 


Mean value 


* The values in this table are not corrected for water content. 


TaBLeE 1(b). Values for activation analysis of manganese in duplicate samples of pulp and for chemical analysis 


Activation analysis 


Chemical analysist 
(Dr. P. O. Bethge) 


Sample 1+ 


Sample 2+ 


0-29 


8 = SCAN 6 
9 = SCAN 5 


Mean value 


+ Mean values received from measurement of two areas. 
t Analysed following the instructions in CCA Reference’. 
** Mean of 41 determinations, made at different laboratories. 


activation analyses was the same at all 
manganese contents as it was dependent 
only on the intensity of extraneous radiation 
and this was never troublesome as the 
amounts of other impurities were lowest in 
the materials with low manganese content. 
The accuracy of the chemical method, on 
the other hand, becomes worse for lower 
manganese contents. 

As is shown in Tables 2 and 3 the ratios of 
the known amounts of manganese obtained 
by analysis were in good agreement with the 
“true” ratios. This might be the best way 
of testing the method as all values found by 
activation analysis are obtained as ratios 
between the material to be tested and a 
standard of the element to be analysed. 

Values obtained from spectra of rising 


(The SCAN samples are Scandinavian test pulps.) 


and falling energies usually differ by 2-4 
per cent. The samples were irradiated in 
such a way that the maximum difference in 
flux between the sample and the standard 
was less than | per cent. 

From the difference between duplicate 
analyses of the same material (cf. Table 1b) 
a maximum difference between two values 
of about 5 per cent is found. 

The analyses of known amounts of man- 
ganese show a maximum deviation of +5 
per cent from the “‘true’’ values as found by 
taking mean values from two measurements. 

Other cases have shown that the accuracy 
of the method is very much dependent on the 
behaviour of the y-background, and usually 
is between 3 and 10 per cent. 

Spectrometric activation analysis is thus 
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Taste 2. Activation analysis of two sets of two samples (containers 1 and 2) containing exactly the 
same amount of manganese (samples 1 and 2, 103 wg Mn; samples 3 and 4, 11-1 ug Mn) 


Samples Quotient Quotient 


compared 


Sample 1 
Sample 2 
Sample 3 


Sample cs 


| 


Quotient 
area — mean 


| Deviation of 
value 

| 

| 


| mean value from 
true value 


Mean value | (%) 


0-1 


0-7 


Tas_e 3. Activation analysis of manganese in samples (A, B, C, D; container 3) containing 
manganese in amounts equal to 0-250 : 0-750 : 0-750 : 1 
(1 unit ~ 40 wg Mn) 


Samples Quotient Quotient 


compared 


Sample A 


Sample D 
Sample D 


Sample C 
Sample D 


Sample D 


| Quotient 
| area — mean 
value 


| 
Mean 
| value 


Deviation of 
| mean value from 
| true value 
Mean value 


a suitable method for the analysis of man- 
ganese in cellulose pulp. 

Some of the results of this investigation 
were given at UNESCO’s 1957 conference 
in Paris‘®) and some early results in another 
publication. 

The reader interested in activation analy- 
sis of manganese in general should consult 
the recent paper by Borc® given at the 
Second Geneva Conference, where a number 
of ingenious procedures are used to increase 
the discernability of the Mn*® y-spectrum in 
the presence of much more disturbing 
activities than are present in the case of 
cellulose. 
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Distribution of Bromide in Mice. 
An Autoradiographic Study with Br’ 


? 
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Department of Prosthetics, Royal Dental School, Stockholm, and the Department of Pharmacology, 
Royal Veterinary College, Stockholm, Sweden 


(First received 25 November 1959 and in revised form 4 March 1960) 


(1) The distribution of Br®? in entire mouse cadavers has been studied autoradiographically 
at various intervals after intravenous injection. 

(2) The concentration of Br®? in the organs of fully developed foetuses has been compared 
with that in their dams. 

(3) Br®? levels in various tissues have been determined quantitatively on autoradiograms and 
histological sections. issue levels are expressed as percentages of the blood level. 

(4) The results are compared with those obtained for other halogens. Special attention is 
given the stomach, central nervous system, salivary glands and thyroid glands. 

(5) Among other clinical and experimental applications of Br’? measurement of the extra- 
cellular space and studies of gastric secretion are discussed. 


DISTRIBUTION DE BROMIDE DANS DE SOURIS. 
UNE ETUDE AUTORADIOGRAPHIQUE PAR Br® 

(1) La distribution du Br** dans des souris entiéres a été étudiée autoradiographiquement 
a intervalles divers aprés injection intraveineuse. 

(2) La concentration de Br®? dans les organes divers des foetus complétement développés a 
été comparée avec celle de la mére. 

(3) La teneur de Br§*? dans quelques organes a été déterminée quantitativement par des 
coupures et des autoradiogrammes; la concentration de tissu est mise en relation a la con- 
centration de sang. 

(4) Les résultats sont comparés avec ceux d’autres halogénes. Attention spéciale est donnée 
aux glandes salivaires a l’estomac et aux glandes thyroides. 

(5) L’emploi clinique et expérimental du Br®* est discuté entre autres choses concernant 
la mensuration de l’espace extracellulaire et de la secrétion du suc gastrique. 


PACHPEJTE.TEHUE BPOMIJIA Y MbIIET 
ABTOPAJHOPPA®UYECKOE MCCQIEJOBAHUME C NPHMEHEHMEM Br® 

(1) Pacmpegenenne Br’ y yOnroii MBM M3y4yaroch asropaqMorpadmyecku mocae 
BHYTPHBeHHOLO BBeAeCHUA Yepe3 pa3sIMYHble MHTepBacJIbl BPeMeHH. 

(2) Brio mponezeno cpaBHuTerbHOe MccJeqoBaHne KOH WeHTpannit Br’? Bp pasuw4HErx 
TRAHAX 3pe/IbIX 9MOPHOHOB MH MX MAaTepMHCKMX OpraHU3MoB. 

(3) Cogepaianne Br® 8 pas114HbIxX TRAHAX ONpeetA.10Cb KOM4eCTBEHHO HaaBTopa, /{MO- 
rpaMMaxX M PHCTO.1OrH4eCKHX Cpe3ax UM BbIPAKalOCb B MpOWeHTAaX OT ero COAepsKAHNA B KPOBH. 

(4) Ilonyuennbie pesyabraTbl CpaBHUBaAJIMCh C JAaHHIMM JIA Apyrux rasorenos. Oco6boe 
BHUMaHMe ObLIO yeteHo pacnpexerenmo Br® B aeayake, WeHTparIbHOl HepBHOl cucTeme, 
CJHOHHBIX M IMTOBUHBIX *KeTe3aXx. 

(5) OGcyagaetca pumMenenue Br®? B wccateqoBaHMAX BHeKeTOUHOrO MpoctpaHcTBa u 
HEY LOUWHO! CeKPeIMM, a TAKKE B APYMX IKCHEPHMCHTAIbHDIX M KIMHMYeCKNX MCIbITAHMAX. 
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DIE VERTEILUNG VON BROMID IN MAUSEN. 
EINE AUTORADIOGRAPHISCHE UNTERSUCHUNG MIT Br®? 


(1) Die Verteilung von Br8? in ganzen Mausen nach intravenéser Zufuhr ist autoradio- 


graphisch untersucht worden. 


(2) Die Konzentration in den verschiedenen Organen vollentwickelter Foster ist mit 


denen des Muttertieres verglichen worden. 


(3) Der Gehalt an Br®? in einigen verschiedenen Organen ist quantitativ in Schnitten und 


Autoradiogrammen bestimmt worden. 
Blute in Beziehung gebracht. 


(4) Die Ergebnisse sind mit den Worten fiir andere Hallogene verglichen. 


Die Konzentration in den Geweben ist zu der im 


Besonderes 


Interesse ist Speicheldriisen, Magen und Thyroidea gewidmet. 
(5) Die klinische und tierexperimentelle Anwendung von Br*? ist diskutiert u.a. im Hinblich 
auf die Messung des extracellularen Raumes und der Magensaftsekretion. 


INTRODUCTION 


RADIOACTIVE Br®? is suitable for experimental 
clinical investigations such as circulation 
studies and disappearance measurements in 
which a metabolically inert isotope is 
desirable.“®) 

Exploitation of Br®? and external measure- 
ments for the im vivo localization of focal 
lesions have been reported for abscesses3.1#) 
and for inflamed tissues.“® Additional uses 
of Br’? have been discussed by Sacus’?), 
Because of the rapid and complete absorp- 
tion of Br’? from the intestine, the isotope 
could, for instance, be included in food to 
study such aspects as the effect of mastication 
on the digestion of food. 

Br® is available with a relatively high 
specific activity and has a half-life of about 
36 hr which is sufficiently long to carry out 
most types of clinical studies, yet short 
enough to keep exposure from internal radia- 
tion at a reasonable level. Br®? emits eight 
y-rays with energies between 0-55 and 1-47 
MeV which makes it very suitable for exter- 
nal measurements in vivo. The f-radiation 
with a maximum energy of 0-44 MeV can be 
utilized for autoradiography.) 

In human beings the blood bromide level 


is about 0-37 mg per cent. Quantitatively, 
the closely related halogens can be ranked 
thus: Cl >Br>TI. Chloride levels are 
about 1000 times greater than bromide 
levels? while animal tissues generally 
contain some 50 times more bromide than 
iodide. In the thyroid gland, the relation- 
ship is reversed for bromide and iodide.‘?® 

Various physiological properties have been 
ascribed to bromide. Reliable and recent 
studies, however, have been unable to de- 
monstrate a physiological function for this 
element. Bromide in large doses has a 
depressing effect on the central nervous 
system as its only known pharmacological 
effect.{9) The possibilities of using Br** in 
biological investigations have emphasized 
the need for a thorough knowledge concern- 
ing its distribution in the body. 

Studies of the absorption, distribution and 
excretion of bromide can be found in some 
papers.'?719,8) Tt appears that bromide is 
rapidly and completely absorbed from the 
gastrointestinal tract and is distributed in 
the body in much the same manner as 
chloride. Excretion is slow and mainly renal. 


MATERIALS AND METHODS 


Br®? was obtained by neutron bombardment of 
analytically pure ammonium bromide. Samples of 
ammonium bromide treated in this fashion were 
allowed to age for at least 30 hr before being used in 
order to reduce the amounts of short-lived radioactive 
elements to negligible concentrations. 

These studies were carried out on albino mice, 


weighing about 20g. In one series pregnant mice, 
weighing about 40 g, were used. They were taken 
2 days before expected parturition. A water solution 
of NH,Br®? was given in one dose into a tail vein. 
A 20g mouse received 75 4C corresponding to 
approximately 1 mg bromide. 

The mice were killed by immersion in a mixture 
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of acetone and solid carbon dioxide (—80°C) at 
various intervals after injection—5 min, 20 min, | hr, 
2hr, 4hr, 24hr and 48hr. Sagittal sections, 20 u 
thick, were taken through the entire frozen animals 
at various levels. Sectioning, drying of the sections 
and autoradiographical exposure were carried out 
at —10°C. Gevaert’s Dentus Rapid X-ray film was 
used. With the dosage employed, satisfactory 
blackening of the autoradiograms could generally 
be obtained by exposure overnight. 
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Quantitative measurements of the amount of Br®? 
in the various organs in relationship to the blood 
concentration were based partly upon measurements 
with a densitometer of the blackening of the auto- 
radiograms and partly upon direct measurements 
with a Geiger—Miiller tube on punched-out circular 
pieces of the sections with an area of 2mm? A 
detailed account of the autoradiographical and 
quantitative evaluation techniques can be found in 
previous papers by ULLBEerG'3;4), 


RESULTS 


With few exceptions, the distribution of 
Br? was similar at the various survival 
periods studied. The slow excretion of 
radio-bromide resulted in only slight de- 
creases in concentration during the various 
survival periods. Blood levels remained high 
and exceeded those recorded for most 
organs and tissues. Already, 5 min after 
injection, Br®* had largely attained its ulti- 
mate distribution pattern. Between 1 and 
48 hr the bromide levels in most organs 
remained fairly constant in relationship to 
the bromide content in blood. 


Central nervous system. This, however, 


Only 


deviated from this general pattern. 
small amounts of Br’? were present 5 min 
after injection and the final concentration in 


this tissue, about 30 per cent of the blood 
level, had not been completely attained even 
4 hr after injection. Comparable findings 
have been described for the cerebrospinal 
fluid.(19.29.20 Within the central nervous 
system, the ventricles and the immediately 
adjacent tissues had the highest concentra- 
tion. The molecular layer in the cerebellum 
also had high activity in relationship to that 
of the brain in general, as has previously 
been demonstrated by BratrcArp and 
Linpguist) Much more radio-bromide was 
present in peripheral nerves (plexus brachi- 
alis) than in the central nervous system. 
Foetal brain contained significantly more 
Br®? than the brain of the dam. 

Stomach. Changes with time were also 


Contents of ' 


4— ° stomach 


# Lung 


v Kidney 


ba x Liver 


Br®2 conc. sample 
Br 82 conc. blood 


t—————O Saliv. gl. 


Brain 


Skelet. musc. 


hr after injection 


Fic. 2. Variation with time in the relative radioactivity of some 
organs of mice following intravenous injection of NH,Br®?. Each 
value indicates the mean of three animals. 
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Fic. 1. Autoradiogram showing the distribution of Br*? in a mouse 20 min after intravenous injection. 
White areas correspond to high Br*? concentration. The numbers refer approximately to the Br’? 
concentration as a percentage of the Br®? concentration in blood. 
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Fic. 3. Autoradiogram from the head of a mouse 
showing the distribution of Br®? 20 min after intra- 
venous injection. Note, inter alia, that the concen- 
tration is high in different parts of the eye. 194 
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Fic. 4. Autoradiogram showing the distribution of Br®? in the abdomen of a mouse 60 min after intra- 
venous injection. Note, inter alia, the high concentration in gastric contents. The concentration in 
the spinal cords of the foetuses is higher than in the spinal cord of the mother. 
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seen in the stomach. A high level could be 
demonstrated in the mucosa, especially in 
the surface layer, 5 min after injection. Even 
after this short interval, small amounts of 
radio-bromide were present in the gastric 
contents in immediate contact with that 
part of the stomach wall which is covered 
with a secreting mucosa. This was not seen 
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Fascia and especially tendons contained Br®? 
in great concentrations. 

Eye. A surprisingly high content of radio- 
bromide, more than in the blood, was demon- 
strated in the retina of the eye. Somewhat 
lower, but still impressive, levels were present 
in the sclera and cornea. No radioactivity 
was present in the lens except for a narrow 


Tas.e 1. Approximate levels of Br®* in the 24 hr after administration, expressed as a percentage of the 
blood concentration 
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in the dorsal part of the stomach, the oeso- 
phageal region, which in mice does not have 


a secreting epithelium. After 20 min more 
bromide was present in the gastric contents 
and it extended towards the centre. From 
1 hr after injection, the gastric contents 
showed the highest concentration of Br®? in 
the body. By 4 hr, the gastric lumen had a 
uniform and high level of radioactivity. 
Since the intestinal contents contained rela- 
tively little bromide, the bromide secreted 
by the stomach was apparently rapidly 
absorbed in the small intestine. 

Gall-bladder. Very little Br®* could be 
demonstrated here, and the level remained 
fairly constant throughout the various sur- 
vival periods. 

Kidneys. The only means of bromide ex- 
cretion which could be demonstrated in this 
autoradiographical study was via the kidneys. 
In the renal cortex, bromide concentration 
was about half that in the blood, but the 
level increased greatly towards the pelvis. 

Skeletal muscle. ‘This as a whole had a low 
concentration of Br®?, about 20 per cent of 
that in the blood. More Br® could be 
demonstrated in the myocardium and still 
more in the heart valves and arterial walls. 


peripheral zone. The Br® levels in the 
periorbital tissues, including the lacrimal 
glands, were similar to those in muscle. 

Thyroid. ‘The concentration here was 
greater than in the surrounding tissues, but 
it did not exceed that in the blood. 

Salivary glands. The various glands of 
these, parotis, submaxillary and sublingual, 
contained about half as much Br*?as the blood. 

Teeth. In these, the pulp as a whole 
contained much less Br®? than muscle, the 
enclosed blood-vessels being distinctly evi- 
dent. The hard tissues of the teeth contained 
much more Br® but somewhat less than 
compact bone. Somewhat more _ radio- 
activity was present in the dentine adjacent 
to the odontoblast layer than in the remain- 
der of the dentine. 

Bones. The marrow of the bones contained 
little Br’? while much more was present in 
the compacta and still more in the articular 
cartilage. 

Foetuses. Most of the radioactive bromide 
was found in the bones of the foetuses, but 
the level was not as high as in the cartilage 
of the dams. A relatively high concentration 
was present in the placenta, especially close 
to the attachment of the foetal membranes. 
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DISCUSSION 


The autoradiographical pattern for the 
distribution of bromide closely resembles that 
for the pseudo-halogen thiocyanate (KS*°CN) 
as studied with the same technique as used 
here.‘4) The same technique has also been 
used for distribution studies of the halogens 
[181 (24) and F18 (6), Br8? and [131 shared some 
common features in their distribution pat- 
terns but that for F'®§ was unlike either of 
these. 

Bromide is not concentrated to the same 
high extent in the salivary glands as iodide 
and thiocyanate. Another difference is that 
bromide gradually accumulates in the central 
nervous system while entry of thiocyanate 
and iodide ions is practically completely 
blocked. 

In the thyroid there is effective discrimi- 
nation between the halogens. The Br® level 
in this organ did not exceed that of the blood. 
Higher bromide concentrations in the thyroid 
than in the blood have been reported 
previously.9-)) 


The gastric mucosa is supposed to form 
hydrobromic acid in the same manner as 


hydrochloric acid.'*?) Bromide, however, 
enjoys a degree of precedence over chloride 
on a gastric-juice/plasma ratio basis.“ If 
the mechanism for the secretion of bromide 
and chloride in the stomach prove to be 
identical, Br8* may be valuable for experi- 
mental studies of gastric physiology and 
perhaps even for clinical testing of gastric 


function. The present authors have started 
an investigation to study the localization of 
bromide Br®®” in the gastric mucosa using 
high definition autoradiography. Attempts 
will also be made to localize chloride (Cl*°). 

In addition to the potential uses of Br®? 
mentioned in the introduction, the relatively 
high blood levels may make it possible, with 
the aid of a collimated scintillation detector, 
to utilize the isotope clinically to ascertain 
the site of internal haemorrhages. Activity 
in the stomach and the heart could, however, 
lead to confusing results, although in the 
case of intracranial haemorrhages, the high 
concentration of Br® in the blood should 
contrast sharply with the initial low Br® 
levels in the brain itself. 

Br®? has been used in determinations of 
the volume of the extracellular fluids. ‘2:17.78 
To a certain degree, however, bromide ions 
enter the blood cells'??) and nerve cells.>7) 
Other cells also seem to take up bromide 
since we found high levels of Br®? in cartilage, 
tendons and blood-vessel walls among other 
places. These tissues rapidly accumulated 
Br®*, and high concentrations were seen as 
early as 5 min after injection. Judging by 
the autoradiograms we obtained, the latent 
period required to attain distribution equi- 
librium after intravenous injection depends 
upon the time required for the stomach and 
the central nervous system to become 
saturated with Br®. 
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Determination of Body Spaces and Renal 


Clearances with Yttrium Chelates in Man™ 
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Diethylenetriamine pentaacetic acid (DTPA) is a chelate with a strong affinity for certain 
metals. Since the yttrium complex of this chelate (Y-DTPA) is very stable, can be readily 
labeled with radioactive yttrium (Y°° or Y®) and is quantitatively excreted by the kidney 
within 24 hr, this compound was used for renal clearance and space of distribution studies in 
7 patients. The renal clearance of Y-DTPA was almost identical to that of inulin in two 
patients and was 33 per cent higher in a third patient, the ratio of Cy_pyp4/Co, ranging from 1-27 
to 1-89 in the 5 patients so studied. The Y-DTPA space was studied in 5 patients employing 
a 4 hr constant infusion and in 3 of these, 8-22 hr infusions were also given. ‘The Y-DTPA 


space varied from 16-0 to 23-2 per cent of total body weight. Y-DTPA and inulin spaces were 
determined simultaneously in two patients. —The Y-DTPA space was 9 per cent and 27 per 
cent greater than the inulin space for the 2 patients, respectively. The significance of the 
results obtained and the applicability of this method for clinical investigation will be discussed. 


MESURE DES ESPACES DU CORPS ET DES VIDAGES RENAUX AU MOYEN 
DES CHELATES D’YTTRIUM CHEZ L’HOMME 


L’acide pentaacétique de diéthylénetriamine (DTPA) est un chélaté ayant une forte affinité 
pour certains métaux. Vu que le complexe de ce chélaté avec l’yttrium (Y-DTPA) est trés 
stable, peut étre marqué facilement avec de l’yttrium radio-actif (Y9® ou Y®) et se trouve 
excrété quantitativement par le rein en 24 hr, ce composé a servi a |’étude du vidage rénal et de 
l’espace de distribution avec sept malades. Le vidage renal du Y-DTPA fut presque identique a 
celui de l’inuline chez deux malades et 33 pour cent plus fort chez un troisiéme, la proportion 
Cy-prpa/Cc, variant entre 1,27 et 1,89 pour les 5 malades ainsi étudiés. L’espace du Y-DTPA 
fut observé en 5 malades en employant une infusion constante de 4hr, et a 3 de ceux-ci on donna 
aussi des infusions de 8-22 hr. L’espace du Y-DTPA varia de 16,0 a 23,2 pour cent du poids 
total du corps. Les espaces du Y-DTPA et de l’inuline furent caractérisées simultanémenten 
deux malades. En ces deux cas l’espace du Y-DTPA fut plus grande que l’espace d’inuline par 
9 pour cent et 27 pour cent. On discutera l’importance des résultats obtenus et l’applicabilité 
de cette méthode pour les enquétes médicales. 


* This investigation was conducted under Contract AT(30-1)-1551, United States Atomic Energy Commission. 


+ Clinical Fellow, American Cancer Society. 
t At present National Science Foundation Science Faculty Fellow, Department of Biophysics, Yale University. 
** Chief, Division of Neoplastic Diseases, deceased 1 June, 1958. 
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ONPEEJEHWE OBJIACTEM PACIIPOCTPAHEHMA VM BbIBEJIEHMSA 
TIOUHAMM MEYVEHBIX XEJIATOB UTTPHA Y YEJIOBEKA 

/[woTHieHTpHaMuH . WeHTaykKcycHan KucsoTra (DTPA) spBunerca XxewaTOM C CHJIbHO 
BbIPasKCHHBIM CPOACTBOM K OllpeleJIeHHbIM MeTaaM. Tak Kak KOMILIeKC MTTPHA aTOrO 
xenata (Y-DTPA) ovenb craOuseH, Jerko losBepraeTcA MeTKe pasMOakKTMBHbIM MTTpHeM 
(Y° nou Y*) nw BEBOAUTCA KOTM4eCTBeEHHO MOouKaMM BTeyeHHe 24 YacoB, TO 9TO COeMHEHMe 
ObIIO NPMMeHeHO JWI M3Y4eHHA ero pactipocTpaHeHHsAl UH BLIBeEHMA TOUKHMM y 7 WallMeHTOB 
Brrpeyenne Y-DTPA oukamuM y jByX TalMeHToOB OblLIO MOUTH MeHTHMYHO BbIBe,eHHIO 
MHYyJMHAa, a y TpeTbero Ha 33% Bblle, Ipw4yeMm y NATH MCCJle,OBaHHBIX TAaKHM OOpa30M 
MaljMeHToB OTHOMeHHE Cy. prpa/Cor. BIB kone6an0ce or 1,27 40 1,89. Odnactu pacpocrpan- 
eHna Y-DTPA onpejeiauuch y NATH MayweHTos Cc TOMOLbIO 4-YacoBOil HelpepHBHOK 
nHpy3Hu. B rpex 43 THX CJLy4aeB IIPHMeHAJIMCh TAKKe UHPY3UM MpOLOJKUTeBHOCTbIO OT 8 
yo 22 uacos. Odsactru pacipocrpanesnA Y-DTPA cocrasisim or 16,0 40 23,2 npoyeHta or 
o6mjero Beca Tesla. Pacupocrpanenue Y-DTPA H HHy.1MHa OnpeserA0Ch OMHOBpeMeHHO y 
WByX MayweHTos. bwio naliqeHo, uro OOs1actH paciipocrpaHeHua Y-DTPA 6pm 6ombuUIe 
oOjacteHi paciipoctpaHeHuA MHYJIMHAa: y OjHOrO TlayweHta HaY, a y Apyroro Ha 27 
MpowenTow. OdcykawrcA MOyYeHHble pe3yJIbTaTh, a TAKAKe IIPMMeCHMMOCTh MeTOsa [WIA 
KJIMHMYeCKHX HCCeqOBaHnh. 


BESTIMMUNG DER AUSBREITUNG VON YTTRIUMCHELATEN IM 

MENSCHLICHEN KORPER UND DER AUSSCHEIDUNG DURCH DIE NIEREN 

Diathylentriaminpentaessigsaure (DTPA) ist ein Chelat mit einer starken Affinitat zu 
gewissen Metallen. Da der Yttriumkomplex dieses Chelates (Y-DTPA) sehr stabil ist, er 
weiters gut mit radioaktivem Yttrium (Y®° oder Y®) markiert werden kann und innerhalb von 
24 Stunden quantitativ durch die Nieren ausgeschieden wird, wurde diese Verbindung fiir 
Untersuchungen iiber die Nierenausscheidung und die raumliche Ausbreitung bei 7 Patienten 
verwendet. Bei 2 Patienten war die Ausscheidung des Y-DTPA durch die Nieren 
nahezu identisch mit der von Inulin, wahrend sie bei einem dritten Patienten um 33°% 
héher war. Bei den 5 so untersuchten Patienten variierte das Verhaltnis Cy_ppp,/Co, von 
1,27 bis 1,89. Der Verteilungsraum des Y-DTPA wurde bei 5 Patienten studiert, die 4 
Stunden hindurch eine konstante Infusion erhielten, bei 3 von ihnen wurden auch Infusionen 
von 8-22 Stunden Dauer gegeben. Der Y-DTPA Verteilungsraum betrug 16,0 bis 23,2°% 
des gesamten Kérpergewichtes. Bei 2 Patienten wurde der Ausbreitungsraum von Y—~DTPA 
und Inulin gleichzeitig bestimmt. Bei diesen 2 Patienten war der Ausbreitungsraum des 
Y-DTPA um 9% bezw. 27% grésser als der des Inulin. Die Bedeutung der erhaltenen 
Ergebnisse und die Anwendbarkeit dieser Methode fiir die klinische Forschung wird 
diskutiert. 


StupigEs on the metabolism and excretion of 
a series of metal—chelate complexes have 
previously been carried out in this labora- 
tory.4-# Several metal chelates have been 
found to be excreted almost quantitatively 
within 24 hr after their intravenous adminis- 
tration.” The analysis of the plasma 
disappearance and renal excretion data 
suggested to one of us (D. L.) that these 
compounds might be useful in studies of 
body space determinations and renal clear- 
ance. The compound used is radiolabeled 
yttrium (Y) chelated with diethylenetriamine 
pentaacetic acid (DTPA). 

Y-DTPA has several properties which 


make it useful for physiological studies. ‘The 
compound cen be easily labeled with Y°° or 
Y*! and radio-assays of these isotopes can be 
carried out with a high degree of accuracy. 
There is no protein binding of the compound 
in vitro.) Since approximately 100 per cent 
of Y%° is excreted when administered as 
Y-DTPA and less than 5 per cent when 
administered in ionic or weakly chelated 
form,‘»*) it seems reasonable to assume that 
the metal—chelated Y-DTPA does not dis- 
sociate significantly in the body and that it 
is not metabolized. Studies carried out in 
animals and man have shown that negligible 
quantities of Y°° remain in the body 24 hr 
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after the intravenous administration of Y°°- that this metal chelate might be useful in 
DTPA.'® Y-DTPA was therefore used to physiological studies, these results are being 
study the space of distribution and renal presented. 

clearance in man. Since the data suggest 


MATERIAL AND METHODS 


The patients and the type of studies are Endogenous creatinine and Y%°-DTPA clear- 
listed in Table 1. None of the patients had ances were simultaneously determined in 6 
any clinical or laboratory evidence of renal patients, and simultaneous inulin and Y®- 


TaB.e |. List of patients studied 


Patient Se Diagnosis Studies performed 


] Carcinoma of nasopharynx Renal clearance: Y9°-DTPA and inulin, 
3 hr infusion 


| Osteoporosis | Renal clearance: Y%°-DTPA and inulin. 
Body space: Y°°-DTPA and inulin, 4 hr 
infusion 


Carcinoma of ovary, ascites | Renal clearance: Y®°-DTPA. 

and pleural effusion | Rate of Y9°-DTPA transfer from plasma 
into peritoneal and pleural fluids, 7 hr 
infusion 


Renal clearance: Y*®°-DTPA. 
Body space: Y9°-DTPA, 4 and 8 hr 


infusions 


Carcinoma of esophagus Renal clearance: Y*°-DTPA. 
Body space: Y®°-DTPA, 4 hr infusion. 


Alcoholic peripheral neuro- Renal clearance: Y*°-DTPA. 
pathy Body space: Y®°-DTPA, 4 and 11 

infusions 
| Myeloid metaplasia Renal clearance: Y*°-DTPA, 4 and 8* hr 
infusions; inulin, 8 hr 

infusion 

Body space: Y®°-DTPA, 4, 8* and 22* 
hr infusions; inulin, 8 hr 

infusion 


ex rA. 


dysfunction or of renal insufficiency. Stand- DTPA clearances were measured in 3 
ard clearance techniques were used. In- _ patients. In the latter studies, inulin and 
fusions of 5% glucose in water containing Y%° were dissolved in the same infusion 
Y%-DTPA* were given at a constant rate solution. 

(0-5-2-0 ml/min). The duration of the An indwelling five-eyed catheter was 
infusions is indicated in Table 1. Im- _ inserted into the urinary bladder and air 
mediately after the start of the infusion, a and distilled water washouts were performed. 
priming dose of Y9°-DTPA* was adminis- In Patient 6, voided specimens were used. 
tered by injection into the infusion tubing. Urine collection periods varied from 30 to 


* Y°! was used on two occasions. 
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60 min during the 4 hr infusions and from 
45 min to 2 hr during the infusions of longer 
duration. Plasma samples were obtained 
for each clearance period. Clearances were 
calculated according to the formula UV/P 
and were not corrected for body surface area. 

Stable yttrium chloride was prepared by 
dissolving yttrium oxide in dilute HCl and 
the resultant yttrium chloride was labeled 
with Y®°* or Yt. Each dose was prepared 
so that the activity required was contained 
in a solution of 1 mg yttrium. The yttrium 
chelate was formed by adding 2 molar 
equivalents of Na-DTPA? to the radio- 
labeled yttrium (Y°° or Y*). All infusion 
solutions were made up in saline and adjusted 
with dilute NaOH to pH 7-0. 

Measurements of the doses were carried 
out as follows. 

(a) Priming dose. A standard equal to the 
priming dose was prepared by drawing up 
the same volume of the injection solution 
using the same syringe and needle. ‘This 


volume was then delivered into a volumetric 
flask. After proper dilution, aliquots of this 


solution were radio-assayed. 

(b) Infusion solution. The volume of the 
infused solution of glucose in water contain- 
ing Y®-DTPA was accurately measured. 
The radioactivity administered was deter- 
mined by assaying 1 ml aliquots of this 
solution and multiplying it by the adminis- 
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tered volume. Since the infusion rate was 
constant, the radioactivity administered per 
minute could be determined. 

Counting of Y®® or Y*! was carried out as 
follows: 

All samples and standards were prepared 
in duplicate. Aliquots of 1 or 2 ml of any of 
the biologic fluids to be radio-assayed were 
placed on metal planchets. In order to 
eliminate the need for self-absorption cor- 
rection, only | ml of plasma was used per 
planchet. All planchets were dried under 
an infra-red lamp and counted under a 
standard end-window Geiger tube. Suf- 
ficient counts were taken on the more active 
specimens (over 2 wc/l.) to insure a standard 
error of less than 2 per cent. It was not 
always possible to maintain this statistical 
accuracy for less active specimens, and for 
samples of less than 30 c.p.m./ml (about 
three times background), standard errors as 
high as 5 per cent were incurred. However, 
errors introduced in assaying these low 
activity specimens did not significantly affect 
the overall results. 

Inulin was prepared for infusion and 
analyzed by a modification of the methods 
described by Gotprine and Cuasis‘”). Urin- 
ary creatinine was determined by the Foiin 
method employing the Jaffe reaction.‘®) 
Serum or whole blood creatinine was deter- 
mined by the method of Fortin and Wu"), 


RESULTS 


1. Renal clearance of Y-D'TPA (comparisons with 
inulin and endogenous creatinine clearances) 
Y-DTPA clearances were determined on 
nine separate occasions in seven patients 
(Tables 2 and 3). Simultaneous determina- 
tions of Y-DTPA and inulin clearances 
were performed in 3 patients. Table 2 shows 
that the inulin clearances differ by less than 
12 per cent from the Y-DTPA clearances in 
2 of the 3 patients in the various clearance 
periods (patients 1 and 7) while the clearance 
of inulin is lower than of DTPA in | patient 


(Patient 2). However, in all 3 patients, 
variations in clearance of Y-DTPA were 
accompanied by parallel changes in the 
inulin clearance, so that in any one study, 
the ratio Cy.prp,/Ci, remained relatively 
constant. 

Table 3 shows the comparison of Y-DTPA 
and endogenous creatinine clearances in 5 
patients. The clearance of endogenous 
creatinine was lower than that of Y-DTPA 
in each patient. 


* Y90 was prepared by neutron activation of Y,O,; at Brookhaven National Laboratory. 
+ Y®, a fission product, was obtained from Oak Ridge National Laboratory. 
t By courtesy of Geigy Chemical Corporation, Ardsley, New York. 
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TABLE 2. 


Simultaneous renal clearances of Y-DTPA and inulin 


Clearance | Duration period | 


Patient ; 
period 


Average 


| Cin 
(ml/min) 


Ratio 
Cy_prra/Cin 


Cy—prpa 
(ml/min) 


Average 


Average 


. Space of distribution of Y-DTPA 

The space of distribution of Y-DTPA after 
a 4 hr infusion was calculated by the in- 
fusion-recovery method in 5. patients 
(patients 2, 4, 5, 6 and 7) who did not have 
any clinical evidence of fluid retention. In 
this calculation, the amount of Y-DTPA 
recovered in the urine in the 24 hr following 
the discontinuation of the infusion is divided 
by the Y-DTPA plasma level obtained 
immediately prior to the termination of the 
infusion. During the infusion and in the 
24 hr following its discontinuation, 95-105 
per cent of the dose was excreted in the 
urine. In the subsequent 24 hr, less than 


TasLe 3. Comparison of average Y-DTPA and 
creatinine clearances 


Average 
Cor 


(ml/min) 


Average C 

; ‘Cr 
Cy_prpa ena 
Cy_prpa 


(ml/min) 


Patient 


0-61 


0-68 
0-53 


0-57 


0-71 


0-79 


1 per cent of the administered dose was 
recovered. 

Table 4 shows that the space of distribu- 
tion of Y-DTPA varied from 16-0 to 21-4 
per cent of body weight, except for patient 5 
who had a Y-DTPA space of 23-2 per cent. 
In order to determine whether true equili- 
bration was obtained in 4 hr, studies utilizing 


Tasie 4. Y-DTPA recovery and space of distribution 


| Y-DTPA space 
(% of body 
weight) 


Duration | 
infusion 
(min) | 


Recovery 
Y-DTPA 
(% dose) 


Patient 


* Inulin space, 17-9 per cent. 
t Inulin space, 16-7 per cent. Y-DTPA and inulin 
spaces were determined simultaneously. 
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constant infusions of longer duration were 
subsequently performed on patients 4, 6 and 
7, and Y-DTPA spaces were again calcu- 
lated by the infusion-recovery method. The 
calculated Y-DTPA space rose from 16-0 
per cent at 4 hr to 18-9 per cent at 8 hr in 
patient 4, while no change was noted be- 
tween the 4, 7 and 22 hr study of patient 7. 
In patient 6, there was no significant change 
in the space of distribution when infusions 
were given for 4 and 11} hr. Both studies 
carried out in this latter patient were done 
without an indwelling catheter. At the 
termination of the study, a urine sample was 
obtained and the infusion was discontinued 
at the instant of completion of voiding. It 
was felt that any errors due to renal or 
bladder dead space would be comparable in 
the two studies carried out in the same 
patient. 


3. Space of distribution of Y-DTPA as 
compared to that of inulin 


Simultaneous inulin and Y-DTPA spaces 
were determined in two patients (Table 4). 
In patient 2, using a 4 hr infusion, the 
Y-DTPA space was calculated to be 19-5 
per cent of body weight while the inulin 
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space was 17-9 per cent. In patient 7, the 
Y-DTPA space was 21-2 per cent of body 
weight calculated on the basis of an 8 hr 
infusion, and the inulin space was 16-7 per 
cent. 


4. Rate of equilibration of Y-DTPA in 
ascites and pleural fluid 

In an effort to test rapidity of equilibration, 
a 7 hr constant infusion of Y9°-DTPA was 
given to patient 3 who had massive ascites 
and left-sided pleural effusion secondary to 
carcinoma of the ovary. Plasma samples 
were obtained for Y*° analyses at 1, 2, 4, 6 
and 7 hr following the start of the infusion. 
Simultaneously, samples of ascitic fluid were 
obtained through a polyethylene catheter 
which had been inserted into the abdominal 
cavity. A sample of pleural fluid was 
obtained by needle puncture at 7 hr. 

The Y%° levels of the pleural and ascitic 
fluid were only one-half the plasma level at 
the end of 7 hr of constant infusion. There 
was a steady rise of the ascites fluid Y%° level 
throughout the 7 hr infusion. The plasma 
level at 1 hr was 40 per cent higher than at 
4 hr while it remained constant between the 
fourth and seventh hour of the infusion. 


DISCUSSION 


The studies reported here substantiate the 
almost quantitative recovery of radioactive 
yttrium following the intravenous injection 
of Y9°- or Y*!-labeled Y-DTPA.“ 

The renal clearances of Y-DTPA and of 
inulin differed by less than 12 per cent in 2 
of the 3 patients studied; the Y-DTPA 
clearance was 33 per cent higher than the 
inulin clearance in the third patient. AIl- 
though the determination of endogenous 
creatinine clearance is not very accurate, the 
consistently greater Cy.prp, as compared to 
Co, would seem to indicate that Cy_prp, is 
greater than the glomerular filtration rate 
in patients with normal or slightly impaired 
renal function. The fact that 5 of the 7 
patients had moderately decreased inulin or 
creatinine clearances indicates that some 
impairment of renal function existed, al- 
though this was not apparent from the 


clinical laboratory tests. Additional studies 
of simultaneous Y-DTPA and inulin clear- 
ances are needed to establish whether Y- 
DTPA clearance is a sufficiently accurate 
measure of the glomerular filtration 
rate. 

The data suggest that the calculated space 
of distribution of Y-DTPA approximates the 
extracellular fluid volume. However, the 
Y-DTPA space is probably greater than the 
inulin space, as demonstrated in the two 
patients who had simultaneous infusions of 
Y-DTPA and inulin. 

Whether complete equilibration of Y- 
DTPA in its eventual space of distribution is 
achieved in 4 hr in normals has not been 
determined. By using infusions of varying 
duration (4-22 hr) and employing the 
infusion-recovery method of calculation, 
evidence was obtained that the 4 hr space 
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is equal to, or only slightly lower than, the 
final space of distribution in normals. 

Y-DTPA compares favorably with inulin 
in physiological inertness. ‘There is almost 
no breakdown of Y-DTPA in the body since 
more than 95 per cent of Y%° was recovered 
following the intravenous injection of Y%°- 
DTPA in man. In tissue distribution studies 
carried out in mice in this laboratory,‘® an 
average of 2-5 per cent of the dose remained 
in the carcass after 24 hr. 

In view of the similarity in structure of 
EDTA and DTPA, the clearance and space 
of distribution of Y-EDTA was determined 
in 2 patients. Previous work from. this 


laboratory has shown that excess Ca-EDTA 
suppresses the dissociation of Y®°-EDTA* as 
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evidenced by the almost quantitative urinary 
excretion of Y%.) An excess of 2¢ of 
Ca-EDTA was infused with Y9°-EDTA in 
order to suppress the dissociation of Y%9- 
EDTA. The Y-EDTA clearance of | patient 
averaged 82-5 ml/min and in the other 
averaged 61-7 ml/min. The Y-EDTA space 
of the first patient was 23 per cent of the 
body weight and the recovery of Y%° in the 
urine was 100 per cent. The space of distri- 
bution of Y°°-EDTA in the second patient 
was 16-2 per cent of the body weight and 
the recovery of Y°° was 96-4 per cent. These 
results obtained with Y-EDTA and carrier 
EDTA are in the same range as those found 
in other patients with tracer doses of Y%- 


DTPA. 


SUMMARY 


(1) Yttrium diethylenetriamine penta- 
acetic acid (Y-DTPA) is quantitatively ex- 
creted by the kidneys within 24 hr following 
intravenous administration. 

(2) Almost complete diffusion of Y-DTPA 
into the extracellular fluid space occurs 
within 4 hr of constant infusion in normals. 
In patients with abnormal fluid retention, 
equilibration occurs much more slowly. 

(3) Labeled Y-DTPA can be used to 
provide a reasonably reproducible, readily 


determined estimate of the extracellular 
fluid space. 

(4) The renal clearance of Y-DTPA is 
comparable to that of inulin. 

(5) Further studies are necessary to deter- 
mine whether Y-DTPA clearance accurately 
measures glomerular filtration rate. 
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A Universal Function for Computing 
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Formulae are developed for evaluating the statistical accuracy of systems that measure 
radioactivity, and a universal counting performance curve is given. Examples are given of 


problem solving. 


UNE FORMULE UNIVERSELLE POUR CALCULER L’EFFICACITE 
DE COMPTAGE 

On construit des formules pour évaluer l’exactitude statistique des systémes qui mesurent la 
radioactivité et on traduit en courbes l’efficacité d’une courbe universelle de comptage. On 
donne des exemples de solution apportée a des problémes par cette méthode. 

YHMBEPCAJIBHAAH ®VYHRUWA JIA BhI“UCIEHUA 
CYUETHbBIX XAPARTEPHCTHR 

Bprpeqexbt POPMYJIbI AIA ONeCHKH CTATHCTMYeCKOM TOUHOCTH CHCTeM, IIPHMeHAeMBIX JIA 

M3MepeHHA pashoOakTHBHOCTH. TakaKe [aha YHUBepCasIbHasl KPUBaA CYeTHBIX XAPAKTePUCTHK. 


Jjanbl TpHMepbi peenna 3aya4. 


EINE 


UNIVERSELLE FUNKTION ZUR AUSWERTUNG 


VON 


ZAHLERGEBNISSEN 
Mathematische Formulae sind beschrieben, die zur Evaluierung der statistischen Akkuratheit 
von Radioaktivitat messenden Systemen angewandt werden kénnen. Eine allgemein brauch- 
bare Zahlkurve ist angegeben. Beispiele fiir Problemlésungen sind angefiihrt. 


INTRODUCTION 


A NUMBER of developments in the past few 
years have created a need for simplified and 
rapid methods of computing counting per- 
formance. One development is quite simply 
the tremendous increase of radioactive 
samples that must be assayed. Another is 
related to the increasing use of scintillation 
counting. The experimenter has a choice of 
scintillator liquids or crystals; he must set 
photomultiplier voltages and discriminator 
levels. With such a large number of param- 
eters it is both difficult and tedious to select 
that combination which will yield optimum 
counting performance, and as a result 
optimum selection is very frequently not 
achieved. This is not to imply that counting 


statistics is the only problem facing the 
experimenter, but rather that it is one prob- 
lem with a definite solution. Another 
development is the increasing importance of 
low-level counting (whole body counters, 
industrial control applications). It will be 
shown later in this paper how one may 
analyze the dependence of fractional stand- 
ard deviation on the background rate in a 
relatively simple manner. ‘This type of 
analysis is helpful in deciding how much 
shielding is required, a matter of consider- 
able importance in low-level counting. 

A derivation is given in the succeeding 
section of the relationship between the opti- 
mal counting time, the sample counting rate, 


* This work was performed under U.S. Atomic Energy Commission Contract No. AT(49-2)1372 with E. H. 


Plesset Associates, Inc. 


+t Department of Radiology, University of California, Los Angeles. 


t Atomics International, Canoga Park, California, U.S.A. 
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the background counting rate and the frac- 
tional error in the sample counting rate. 


Derivation of equations 
Let N, = number of background counts, 
t, = counting time for background, 
r, = N,/t,, the background count 
rate, 
Ng = number of net sample counts 
(total counts less background), 


rg = Ng/ts, the netsamplecountrate, 
r =Tfg/r,, the ratio of sample to 
background count rates, 
og = standard deviation of the net 
sample count rate, 
€ = Og/rg, fractional standard devia- 
tion of the sample count rate, 
7 =t, +t, total counting time. 

The standard deviation (&) of a number of 
counts (NV) is defined by a relation of the 
type 2? = N. 

The standard deviation (c) of a count rate 
r, , observed for a time interval (¢) is given by 
o = dit. 

Since NV =7,,¢, and eliminating N and = 
from the above relations one obtains o? = 
r,,,/t. Thus one may write the standard devia- 
tions, o, and o, respectively, of the count rates 
for background and background plus sample 
as follows: 

0 = 7/t, 
a,” = (% + Ts)/ts. 
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Since the net sample count rate (rg) is the 
difference between the background and 
background plus sample count rates, the 
variance or square of the standard deviation 
of the net sample count rate (og?) is just the 
sum of 0,” and o,”. Thus: 


Og = 0," + 0,7 =n /t, + (m% +75)/ts 

Or dg? = erg? =Tg/tg + (I/tg + h)n. 
Assume a fixed total counting time: 

tr =t, + ty. (2) 

It is easily shown that og is minimized when 


the total counting time 7 is split in such a 
way that: 


tsi, =[(n + 1s)/n]' =(1+7)'. (3) 


Replacing 7, by rg/r and eliminating ¢, and 
tg from equations (1), (2) and (3), one obtains 


rgetr =1 4+ (Q/r)[1 + V1 +7] =fir). (4) 


Equation (4) is the key equation of condition 
connecting the parameters of counting 
statistics. This equation is in a particularly 
convenient form since both sides are dimen- 
sionless. ‘The right-hand side, defined as 
f(r), may be plotted as a universal function, 
and is given in Fig. 1. The structure of 
equation (4) makes it simple to use in the way 
shown in the following example. 

Assume a desired fractional 
deviation, 


(1) 


standard 


0-1, 


f(r)=rjer 


9 0 


Fic. 1. Universal dimensionless statistical function; it contains the relationship connecting the parameters of 
counting statistics; r is the ratio of net signal to background counting rates. 


and a desired total counting time, 
+ = ] min. 
Assume the background rate to be 
r, = 100 c.p.m. 


The sample net count rate (rg) satisfying 
these conditions is found as follows. 


Since fg = 0 


(ne?r)r = f(r). (5) 


Equation (5) imposes a relation between 
rgé"r as ordinate and 7 as abscissa of the form 


(6) 


Hence the intersection of f(r) and the straight 
line (6) gives the desired value of the 
ordinate rge*r. In the present case equation 
(6) becomes 


tyeer = 100, (0-1)? . 1.7 = 8. (7) 
Equation (7) is represented in Fig. 1 as the 


straight line with a 45° slope. The inter- 
section of this line with f(r) gives the solution: 


then rge*r = 


rge?r = constant. 7. 


Y,6t = 5 
fir §, 


Thus tg = 3/e*r = 300 c.p.m.; 
i, .7 = 300 c.p.m. 

Equation (4) shows what is generally known, 
namely, that for a given ratio of net sample 
count rate to background count rate, the 
total counting time (7) or the fractional 
standard deviation (¢), diminish as the net 
sample count rate increases. One may say 
that, for given values of background and 
sample count rates, in effect the product 
e?r has been fixed. What is sometimes not 
appreciated is the following: the operating 
conditions of a counting arrangement may be 
fixed at a point where r = rg/r, is a maximum 
and may be regarded as an optimum setting 
from a statistical point of view. ‘This may not 
be so since this condition only minimizes 
rge*r, whereas it is f((r)/rg = e?7 that 
should be minimized. It should be noted 
that for values of r greater than 3 or 4, f(r) 
varies so slowly with 7 that f(r)/rg is much 
more sensitive to rg than to r. 


A universal function for computing counting performance 
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There is some tendency in the literature to 
describe the statistical performance of some 
counting arrangement or sample preparation 
by just stating the efficiency of the counting, 
i.e. the ratio of the observed counting rate to 
the rate of disintegration. _However, this 
evaluation is often made with a relatively 
high activity, as a matter of convenience. 
The optimum counting arrangement may be 
very different indeed during the assay of the 
actual samples, when the net count rate may 
be quite small. Thus the most efficient 
counting arrangement must be evaluated in 
terms of the sample count rate (rg) and the 
background count rate (r,) that will be 
obtained in the experiment itself. For a 
complete specification of the counting statis- 
tics one must also give the values of ¢ and 7. 

A frequently quoted statement in the 
literature is that the statistical “goodness” of a 
measurement varies as 


r5"/N,. (8) 


This is usually stated in connection with the 
advantage to be gained by increasing the 
signal rate even if background were to 
increase also. Indeed if both increase in the 
same ratio, expression (8) gives the correct 
answer. ‘This may be demonstrated if one 
accepts 1/e?r as a measure of “‘goodness”’. 
Rewrite equation (4) as follows: 


Lfe®r = relf(r). (9) 


If both rg and 7, increase in the same ratio, 
then r and f(r) are constant, and the “good- 
ness” does increase linearly with rg. 

For general changes in rg and 7,, expres- 
sion (8) measures “goodness”? only when the 
signal rate is small compared to back- 
ground; i.e. when rg/7, = r<1. This may 
be shown as follows: for small r, the radical 
in equation (4) may be expanded, retaining 
only the first term in 7, 


SEIS ties 
1 + 2/r(1 + 1 +72) 
= rs[(2 + 4/7) 


Bae at 


Neglecting 2 as compared with 4/r. 


Lfe®r = rgr/4 = 1g7/41,. 
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For the general case equation (9) should be 
used to obtain the relative “‘goodness”’ of two 
situations. 

The following examples are detailed to 
illustrate how some specific problems may be 
solved. 


Problem I 


In working with a scintillation counting 
arrangement, an experimenter wishes to 
make a choice of bias settings and photo- 
multiplier voltages to optimize the statistical 
“‘goodness”’ (¢?7). 

In this case it is desirable to have that 
choice of parameters that will minimize 
e*7, 


Equation (4) may be written as 


rg =f(r)/e*r. (10) 


For a given value of «*7, equation (10) defines 
a relation between rg andr. The significance 
of such a curve plotted in an (rg, r) plane is 
that all points on this curve correspond to the 
same statistical accuracy. As ¢?7 is given a 
series of values, then in the (rg, r) plane there 
will be a family of such curves. Thus for any 
given pair of values, rg and 7 from an experi- 
mental situation, the corresponding «7 
value would be determined from the curve 
going through the experimental point in the 
(rs, 7) plane. The experimenter may have 
a sequence of possible (rg, 7) combinations, 
arising from a choice of some parameter such 
as photomultiplier voltage; he wishes to 
select that point which minimizes «?7. (Some 
workers have mistakenly assumed that the 
condition which maximizes r is best, i.e. they 
minimize rge*7. Actually, only e?7 must be 
minimized). 

A straightforward way of determining the 
optimum (rg, 7) point is the following. First, 
all the experimental points corresponding to 
otherwise acceptable operating configura- 
tions are plotted in the (rg, 7) plane e.g. this 
could correspond to successive count rates as 
a function of increasing voltage. For each 
count rate there would be a background rate, 
and also the ratio value given byr. Thevalues 
of (rg, r) combinations are plotted on log—log 
paper as shown in Fig. 2. It is necessary to 
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Fic. 2. Relation between net signal count rate 

(rg) and the ratio 7 of net signal to background 

count rates obtained from experimental data; 

each point (rg, 7) corresponds to a different 
detector voltage. 


find the minimum value of ¢?7 that is consist- 
ent with values of rg and 7 that simul- 
taneously satisfy equation (10) as well as the 
experimental curve of Fig. 2. On a log—log 
plot in the (rg, r) plane, equation (10) would 
consist of a series of parallel curves for 
various values of «?7, with the uppermost 
curves corresponding to the smallest values of 
é’r, since Tg =f(r)/e?7. Thus one would 
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Fic. 3. Universal statistical curve plotted on a 

log-log basis to permit its use in conjunction 

with Fig. 2 to obtain an optimum pair of values 
for rg and r. 
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Fic. 4. The curves labeled with values of ¢?7 

are loci of constant statistical accuracy; the arrows 

indicate a point of optimum ‘“‘counting statistics” 

which does not coincide with the maximum r 
value. 


select the uppermost of the curves derived 
from equation (10) that still intersects the 
experimental curve in Fig. 2. The point of 
contact determined in this way would be the 
solution. ‘The solution may be obtained 
graphically by plotting f(r) (which has the 
same shape as /(r)/e?7) vs.r on a separate sheet 
of identical log—log graph paper (Fig. 3). 
Then, superimpose one sheet on the other, 
keeping the left hand vertical axes one on top 
of the other. Move Fig. 3 as high as possible 
with respect to Fig. 2, while still intersecting 
the two curves or until a tangent condition 
is achieved. In the example given, this 
condition exists for the (rg, r) point r = 0-98 
and rg = 160 c.p.m. On the [ f(r), 7] plane 
this corresponds to the value of f(r) = 6-0 
and, of course, the same value of r = 0-98. 
The appearance of the superimposed curves 
is depicted in Fig. 4. The desired value of 
e?7 is given by equation (10): 


e*r = fi(r)/rg = 6-0/160 = 3-75 x 10-? min. 


If a fractional standard deviation of 10 per 
cent were desired (i.e. ¢ = 0-1), then the 
total counting time needed would be 3-75 
min. The number 3-75 may be “‘read”’ from 
the graph when the two curves are super- 
imposed, since the two vertical log scales act 
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as a slide rule. In this case, read the 375 on 
the vertical scale of Fig. 3 superimposed on 
the 100 on the vertical scale of Fig. 2. If 
the maximum value of r had been selected 
as optimum, the choice would correspond 


to the selection of point x in Fig. 2 with 
y= 1-2 
rg = 100 


Fie) = 5-0. 
Thus ¢?7 = f(r)/rg = 5-0/100 = 0-05 min 
as contrasted with the previous value of 
0-0375. Thus for an ¢ = 0-1 a total counting 
time of 5 min would be required. 

The function f(r) in Fig. 1 is identical with 
the f(r) in Fig. 3, but the latter is plotted on 
log-log paper to permit the graphical 
solution described above. 


Problem IT 

The growing importance of doing low- 
level counting (e.g. human body counting) 
has brought into use scintillation crystals of 
rather large size. This will, of course, bring 
with it an increase in background unless 
there is an increase in the shielding thickness. 
However, the shielding weight and bulk may 
become quite burdensome and expensive. 
For this reason one must consider carefully 
the extent to which background needs to be 
diminished in terms of its effect on the 
fractional standard deviation for the situa- 
tion of interest. Burcu and Biro” and 
ANDERSON”) have analyzed this kind of 
problem by plotting the fractional standard 
deviation as a function of background 
counting rate. In Burcu’s paper the various 
curves correspond to a series of assumed 
sample count rates, and all the curves corre- 
spond to the same counting times of 15 min 
for observing the sample, and | hr for back- 
ground. On the basis of these curves it may 
be concluded that, for sample counting 
rates above 20 c.p.s., the statistical error is 
not sensitive to background, providing it is 
constant. However, if interest were to shift 
to a different set of counting times or to a 
different range of sample counting rates, it 
would be necessary to draw another set of 
curves for the new specifications, and so 
forth. It is possible to construct a single set of 
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function of r,/rg, the ratio of background to net 

signal count rates, for various values of rgz7; the 

latter is the product of total counting time and the 
net signal count rate. 


universal curves for analyzing problems of 
this sort. 
Write the basic equation (4) in the form 


e = Vier. 


(11) 
The function f(r) is already in universal form, 
and rg is a single dimensionless parameter 
whose values can generate a complete 
family of curves. Since ¢ is interesting as a 
function of 7,, it is convenient to express f(r) 
and e in terms of increasing values of 
I/r = %/rg. 

Fig. 5 consists of graphs of ¢ as defined by 
equation (11) for the stated values of rg7. The 
following example illustrates how Fig. 5 may 
be used. 

Given a sample count rate of 10 c.p.s. 
Assume that ¢ must not exceed 2 per cent, 
and that the total counting time (7) is not to 
exceed 10% sec. What is the maximum per- 
missible background rate (r,) ? 


In this case: 
1 gT aoe 104 


and the appropriate curve intersects e = 2 
per cent at 
1,/Tg = 0-55. 


Thus the maximum value of 7, = 0°55 x rg = 
5:5 C.p.s. 

If the background rate were higher, say 
10 c.p.s. or 20 c.p.s., the corresponding values 
for e would be 2-4 per cent or 3-1 per cent. 
However, if the available sample rate were 
40 c.p.s. with the other conditions unaltered, 
then 

rgt = 4x 16 


and at « = 2 per cent 
7,/Ts = 3-7 


and the maximum value of r, = 3-7 x 40 = 
150 c.p.s. That is, an increase of sample 
count rate by a factor of 4 would permit an 
increase of the background count rate by a 
factor of more than 25, in the example con- 
sidered. In this case increases of 7, to 200 c.p.s 
or 300 c.p.s. would increase « to only 2-3 and 
2-7 per cent. It is interesting to note that if 
the sample rate were 10 c.p.s. and the 
counting time (7) were increased by a factor 
of 4 to 4 x 10%, so that rgr = 4 x 104, then 
for « = 2 per cent, 
hy = 37 

as before; but in this case the maximum 
permissible 7, = 3-7 x 10 = 37 c.p.s.; 1.e. 
sample count rate and total counting time 
are not interchangeable in their effects in 
this case. Thus there would be a considerable 
payoff in increasing the sample count rate. 

Formulae analogous to equations (3) and 
(4) have been worked out by the writers‘) for 
the case of systems with recording of current 
(e.g. lonization chambers). For the basic 
analysis of the statistics of a current or charge 
recording device, the reader is referred to the 
work of Evans and NEHER"), and ScuirF and 
Evans'!*), 
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A method is presented for fitting exponential functions to data of the decay type. In an 
elementary “peeling-off”’ form of the method, the local ordinate is plotted against the local 
first derivative of the data. The straight line portion of this graph at large time, if it exists, yields 
simultaneously a constant (asymptotic value) plus an exponential, which can be subtracted 
from the given curve and the procedure repeated. The method permits judging the data in 
simple fashion for suitability of fit by exponentials simultaneously with the fitting itself. The 
method is formulated as an analytic version of Prony’s method, which permits clarification of 
certain difficulties of the latter. Procedures are suggested for fitting exponentials with closely 
spaced half-lives, and for fitting functions other than exponential. The method is illustrated 
by application to data on the time course of respiratory uptake of a highly fat-soluble inert gas 
by human subjects. 


UNE METHODE POUR RAPPAREILLER DES COURBES PAR DES 
FONCTIONS EXPONENTIELLES 

On présente une méthode de rappareiller des fonctions exponentielles 4 des données du type 
de décadence. Dans une forme élémentaire de la méthode, on trace l’ordonnée locale contre la 
premiére dérivée locale des données. La portion rectilinéaire de cette courbe a grande valeur 
de temps, si ceci existe, donne simultanément une constante (valeur asymptotique) et en plus 
une exponentielle, que l’on soustrait de la courbe donnée, et on répéte le procédé. La méthode 
permet le jugement des données en simple fagon pour conformabilité d’accord par des expo- 
nentielles au méme temps que de l’accord méme. La méthode se formule comme un rendement 
analytique de la méthode de Prony, permettant la clarification de certaines difficultés dans 
celle-ci. On propose des procédés pour rappareiller des exponentielles ayant des périodes de 
demi-vie de petites séparations, et pour rappareiller des fonctions autre qu’exponentielles. 
La méthode se démontre par son application aux données du cours de temps de l’absorption 
respiratoire chez les sujets humains d’un gaz inerte trés soluble dans la graisse. 


METO]T XAPAKRTEPUCTURM RKPUBbIX HABOPOM 
JKCHOHEHUMAJIBHBIX ®YHRIUMN 


IIpeqovxeH MeTOX XapakTepHCTHKM KPHBEIX HAOOPOM DKCIOHEHIMAIBHEIX PyHKUH WIA 
npoweccos Tuma pacnaya. B o1emMeHTapHOM yIIpomjeHHOM Ble MeTOa 3HAYeHHA OpPMHAT, 
B3ATHe M3 IKCHOHEHIMAIbHOM KpuBOl OTKIaqbIBaloTcA B Bue PYHKUH OT NepBol Mpons- 
BoqHOH sTOi KpuBOl. Ecam pu 6oubumx BpeMeHax Ha 9TOM rpadHke HadsIojaeTcA 
IMHeiHbIit yuacTOK, TO M3 HerO MO?KHO OHOBPeMCHHO TOJIYUMTh 3HaYeHMA KOHCTAHTBI 
(ACHMIHTOTM4eCKOe 8HAYeEHHe) UM MOKAZATeIA DKCIHOHEHTA, KOTOPbIit MO*KeT OLITh 3aTeM BLIUTeH 
M3 MCXO{HOM KpuBO, NOcIe 4Yero BCA Npowes_ypa NopropsetcA. Meroy nossouner JOBOIbHO 
TIpOcThIM CIOCOOOM BBIACHHTb BO3MO*KHOCTh ONMCaHMA KpMBOi OKCIOHeCHI[MAaIbHbIMM 
dynkuuamn. Ipeqioxennbii MeToy, Upectapiser coooit anamuTMuecKkHit BapMaHT MeTOIa 
IIlpoun MM 03B00AeT BBIACHHTh HeEKOTOpble HesocTaTKM MoceqHero. Ilokasanbt cnocobsr 
Npe{cTaBJeHHA IKCHOHCHIMAIbHBIX KPMBEIX paciiaga C O1M3KMMM Nepwoszamu NOsypacnaya, 


* This investigation was aided by a grant (H-1288) from the National Heart Institute, U.S. Public Health Service. 
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a TaksKe cooTBeTcTBylolleli OOpadoTKM HedKCMOHeEHUMAIbHbIX PyHKYMi. Meroy wul10c- 
TpHpyeTCH JaHHbIMM MO BPpeMeCHHOMY XOjy MOPOWeHHA YeJIOBeEKOM B/bIXAeMBIX MHEPTHBIX 
ra30B, XOPOINO pacTBOPMMBIX B *KUpax. 


EIN KURVENNAHERUNGSVERFAHREN MIT HILFE VON 
EXPONENTIAL FUNKTIONEN 

Es wird eine Methode fiir die Naherung exponentieller Funktionen an Daten des Zerfall- 
styps dargestellt. In einer elementaren “‘Abschal’’ Form der Methode wird die Ortsordinate 
gegen die erste 6rtliche Ableitung der Daten aufgetragen. Wenn bei dieser Darstellung bei 
grossen Zeiten ein geradliniger Teil existiert, ergibt er gleichzeitig einen konstanten (asympto- 
tischen) Wert und einen exponentiellen, der von der gegebenen Kurve abgezogen werden kann, 
worauf der Vorgang wiederholt wird. Zugleich mit der Naherung selbst gestattet die Methode 
auf einfache Weise zu beurteilen, ob die Daten einer Naherung durch Exponentialfunktionen 
zuganglich sind. Die Methode ist als analytische Version der Methode von Prony formuliert, 
was die Klarung bestimmter Schwierigkeiten der letzteren erlaubt. Es werden Arbeitsweisen 
vorgeschlagen um sowohl] Exponentialfunktionen mit sehr ahnlichen Halbwertszeiten als 
auch andere Funktionen als Exponentialfunktionen in dem Naherungsverfahren verwenden 
zu konnen. Die Methode wird erlautert durch ihre Anwendung auf zahlenmassige Angaben 
iiber den zeitlichen Verlauf der Atmungsaufnahme sehr fettléslicher inerter Gasa durch 


Menschen. 


INTRODUCTION 


Tue problem of curve-fitting biological data 
of the decay type often arises. The present 
report of the curve-fitting of some experi- 
mental data of this type by exponential 
functions is offered because the considera- 
tions involved and the methods used may be 
applicable more widely in various other 
situations. 

The experiments relate to the process of 
inert gas absorption by the body tissues. 
Specifically, the data which motivated the 
present work were obtained in studies of the 
respiratory uptake in man of tracer amounts 
of the highly fat-soluble inert gas cyclo- 
propane.";”) In these studies a quantity 
q(t) is determined which is proportional to 
the concentration, in a fixed respiratory 
volume, of gas remaining unabsorbed by the 
body at time ¢. The primary purpose of the 
experiments is to determine the total body 
fat of an individual. Consequently, the 
primary analytical problem presented by the 
data is to deduce a final equilibrium value of 
q(t), denoted by g., from some thirty to 
forty values of q(t) measured in a period of 
approximately 8 hr (Figs. 1, 7). 

The solution of this problem is, in principle, 
straightforward. A_ physiologically valid 
mathematical expression is fitted to the 
known values of q(t) and the limiting value 
of this expression as ¢ — oo is the desired q... 


As a by-product, any other parameters in the 
mathematical expression which are deter- 
mined in the process of curve-fitting, yield 
physiological information on the process of 
inert-gas uptake by the body. In practice 
various difficulties arise in carrying out this 
program. A physiologically valid mathe- 
matical expression is not known a priort. 
To be sure, extensive previous work on 
inert gas exchange in body tissues‘*»4:5,®, as 
applied to the present problem, indicates 
that a physiological model consisting of a 
number of compartments with first-order 
rates of exchange may be valid to a first 
approximation. Such a model requires that 
q(t) be represented by the constant equili- 
brium value in question plus a sum of expo- 
nential functions”? 


q(t) = qo + ae eee 


However, other models are conceivable 
which yield other functions, for example, 
sums of inverse powers of ¢, and curve- 
fitting such functions to the data would 
yield significantly different values of q, 
(we are not concerned here with the latitude 
of physiological description still possible in 
interpreting a given set of values of q., @,, 
k, obtained by curve-fitting exponential 
functions®)). The data itself must therefore 
be used to the maximum extent possible to 
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distinguish between various curve-fitting 
possibilities, and the method of curve- 
fitting used should conveniently permit such 
distinction. In particular, if it is judged that 
exponential functions should be fitted, thé 
method of curve-fitting should permit esti- 
mates of the variations in q.,, a;, k; of equation- 
(1) that will yield equivalently valid fits to the 
data. 

The proposed method attempts to meet 
some of the preceding criteria in a simple 
though approximate fashion, suitable for the 
present type of data. It was developed after 
various existing methods of curve-fitting 


213 


exponential functions were tried, with unsatis- 
factory results. These preliminary attempts 
will be briefly described in the next section. 
The proposed method is then described for 
the simplest case, where the data can be 
represented by exponentials of well-separated 
rate constants, k;. Reasons for the failure of 
the preliminary attempts are given. In the 
remaining sections the method is treated from 
a more general point of view, which permits 
more complex types of curve-fitting to be 
considered. A connection is established with 
Prony’s method which incidentally shows 
why the latter method often fails. 


PRELIMINARY ATTEMPTS TO FIT EXPONENTIAL FUNCTIONS 


Semi-logarithmic “‘peeling-off’’. In applying 
this well-known method values of gq, were 
guessed and for each guess log [q(t) — qx] 
was plotted against time ¢. The plots were 
examined for straightness of line in the 
region of large time, such straightness then 
permitting deduction of the slowest expo- 
nential. SmirH and Mora es") indicate a 
high degree of accuracy of this method, as 
well as sensitivity with respect to choice of 
qx. In our experience, however, substan- 
tially different guessed values of q¢., resulted 
in about the same deviation from straightness 
of log (¢ —q.) at large ¢. Possibly these 
ambiguities resulted from the long half-lives 
encountered with the present data (1-3 hr) 
relative to the maximum time of measurement 
(8 hr), in combination with the insensitivity 
of log (y — q.) to changes in q or qx. 

Algebraic method. PRony’s method was 
applied! ‘This method is in principle 
exact in the sense of not requiring successive 
approximations. Values of q(t) at 2n + 1 
evenly spaced values of ¢ are the input data 
of a set of simultaneous equations of rank 
n +1 where n is the desired number of 
exponentials to be fitted. Solution of the 
simultaneous equations yields q, and n 
numbers. The 2 numbers determine the 
coefficients of a polynomial of degree n. The 
n roots of this polynomial determine the f; 


of equation (1). A further set of simultaneous 
equations determined by these k; yields the 
a, of equation (1). In applying this method, 
two exponentials were assumed and _ five 
evenly spaced values were taken from the 
smoothed curve of q(t) in the period 0-5—7-5 
hr. The results were erratic. Values of q. 
occasionally departed widely from the expec- 
ted values and the k; were often negative or 
complex instead of the positive values 
required by the physiological phenomena 
being studied.* A_ possible reason for 
failure of this type of method is discussed 
later (see Section Analytic Formulation). 
Three point calculations. If the tail-end 
portion of the smoothed q(t) curve can be 
fitted by q.. + ae‘ then three values of q(t) 
taken from the curve suffice to determine 
x, 4, and k,. These values of q(t) were 
chosen at the maximum spacing of ¢ such that 
intermediate values of q(t) did not deviate 
from the calculated values of ¢.. + ae’ by 
more than a pre-assigned amount (about | or 
2 per cent). The exponential term a,e~** was 
then subtracted from q(t) to yield a curve 
q,(t). Repetition of the preceding procedure 
in a region forward of that previously fitted 
yielded a second exponential term a,e~“* 
plus a somewhat different ¢... ‘The procedure 
ended when the entire q(t) curve was fitted 
by the sum q,, + ae" + aes +.... This 


* Erratic results were also obtained by Dr. John van Heijenoort, Department of Mathematics, New York 


University, using several similar algebraic methods developed by him. 


for smoothing the data. 
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These methods included various procedures 
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whole “peeling-off” type of procedure was 
regarded as a first approximation. In the 
second approximation the exponentials ae" * 

- ae *s' +... were subtracted from q(t) 
before q.. + a,e *:' was re-determined. Then 
ae "1 + aze*st +... was subtracted from 
q(t) before gq. + a,e*:* was re-determined, 
etc. The method was successful if successive 
determinations of a given exponential con- 
verged to a unique value. In practice the 
method was occasionally found not to 
converge, for no evident reason. Moreover, 
the requirement of closer fit increases the 
number of exponentials needed. Therefore, 
the resulting number of exponentials in this 
method may reflect merely the somewhat 
arbitrary requirement of accuracy of fit 
rather than the physiological processes 
implicit in the data. 


PROPOSED METHOD: 


If a portion of a curve can be represented 
by a constant plus-one exponential term, 


q(t) = qa + ae (3) 


then the derivative dq/dt of this expression, 
denoted by g, is given by 
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kt (4) 
Eliminating a,e:' from equation (3) by 
equation (4) yields a relation between q(t) 
and q(t), 


—q(t) = kaye 


a(t) = 40 — 4 


(5) 


which is the differential equation satisfied by 
equation (3). Ifone, therefore, determines the 
slope g(t) of the portion of g(t) vs. ¢ curve 
under consideration and plots q(t) against 
—q(t), a straight line results, of slope 1//, and 
of g-axis intercept g.. With this value of 
k,, et can be computed and q(t) can be 
plotted against e":'. The result is another 
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Semi-log ¢ method. If q(t) can be represented 
as in equation (1) then the derivative dq/dt, 
denoted by q(t), can be represented by 


(2) 


in which there is no constant term. Thus, 
q(t) can be determined graphically or 
numerically from q(t) and the usual semi-log 
method can be applied; i.e. the slowest 
exponential k,a,e~*1' is “‘peeled-off”’ from the 
plot of log q¢ vs. ¢, then the next slowest 
exponential f,a,e*2' is “‘peeled-off” from 
the plot of log (—q — kaye") vs. t, etc. The 
constant, ¢., in equation (1) is determined 
finally as the average value of q(t) — ae~"1* — 
aye *2'.... The application of this method 
will be commented upon at the end of the 
next section. * 


— q(t) = kage ™* + kage *2t +... 


“PEELING-OFF” APPROACH 


straight line, of slope a,, and of g-axis inter- 
cept qu. 

The preceding consideration is not new. 
Graphs of q vs. ¢ are used in engineering." 
They may be called velocity space or g — q 
plots. The present report points out the 
utility of such plots in analyzing biological 
data. 

Equations (3) to (5) were made the basis of a 
semi-graphical peeling-off type of procedure. 
Consider the q(t) values of a particular 
experiment on subject GK (Table 1), as 
plotted and smoothed “by eye” in Fig. 1. 
The derivative q(t) was measured as the 
slope Aq/ At of a straight-edge placed along a 
tangential direction at various points on the 
q(t) curve. For this measurement the 
curve was plotted in portions that lay in a 
range of angle of about 30°—60° with the axes. 
The quantity q(t) was then plotted against 
—q(t) (Fig. 2, solid line). The circles in Fig. 
2 indicate the time values at which the slope 


* A method which has recently come to the author’s attention"! might be characterized as generalized Fourier 


analysis. 
functions involving the given data. 


The operations which yield the exponential parameters are numerical integrations of various periodic-type 
The method appears to be particularly suited to the determination of 


the faster exponentials of a sum representing the given data. As will be seen, the present method is particularly suited to 


determining the slower exponentials. 


The two methods may therefore supplement each other in various cases. 


Other methods are discussed by Keepin et al. and Hupson. 2/18) 


A method for curve-fitting by exponential functions 


TaBLE 1. Observed cyclopropane uptake by human 
subjects. Percentage of total cyclopropane in system 
remaining unabsorbed, q(t), at time ¢ 


GK, | 
38 M 


EB, 
36 M 


EB, 
36 M 


100-0 11-0 


58-9 | 18-0 


* Blank spaces denote that no sample was taken. 


of the q(t) curve (Fig. 1, solid line) was 
measured. The gq — q plot in Fig. 2 does not 
appear very linear in the last few hours of the 
experiment and hence does not represent 
strictly an exponential time course (this 
experiment was deliberately chosen for 
illustration as a “‘bad”’ one in this respect). 
Nevertheless it was decided to approximate 
the g — q plot in this region by a straight 


Fic. 1. Cyclopropane uptake experiment on sub- 
ject GK, 38 F. Ordinate; percentage of cyclo- 
propane remaining unabsorbed in respiratory 
circuit volume. Abscissa; time. Solid circles are 
the unsmoothed experimental data. Open circles 
are a portion of unsmoothed experimental data 
plotted on enlarged ordinate scale. 
——— Smooth curve drawn free-hand through data. 
—-- Solution a, plot of constant plus three 
exponentials derived by g—q method. 
— Solution c, plot of constant plus three 
exponentials derived by least squares fit of un- 
smoothed data. Solution 4 not shown (see text). 
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line. Accordingly the dotted line (enlarged 
scale in Fig. 2) was drawn through the 
portion of this curve from 1-75 to 8 hr. The 
q-axis intercept of this line was 12-4 per cent. 
The slope 1/k, of the line gave a half-life 
T, = 0-693/k, = 89-8 min. 

Next, the exponential function e*:' was 
computed, and q(t) was plotted against it 
(Fig. 3). A straight line was drawn through 
the portion of this curve from 1-25 to 8 hr. 
The q-axis intercept of this line was 12-7 per 
cent and its slope yielded the exponential 
amplitude a, = 37:2 per cent. The differ- 
ences between the qg-axis intercepts in the 
successive plots of the procedure are an 
indication of the approximation involved in 
the determination of q,, by fitting exponen- 
tials to the data. A “‘best” value of q,, is 
determined below as a mean value of the 
difference between q(t) and the sum of the 
exponentials fitted to the data. 

The exponential a,e*:' and its negative 
derivative k,a,e~*:' were next subtracted from 
q(t), — q(t), respectively, to give the function 


q(t) = g(t) — ae"! (6) 
and its negative derivative 


—h(t) = —q(t) — hae. (7) 


The function q,(¢) was plotted against —4q,(t) 
and examined for a straight line portion 
(Fig. 4). A straight line was drawn through 
the portion of this curve from 0-5 to 1-75 hr. 
The q,-axis intercept of this line was 12-7 per 
cent and its slope, 1/k,, gave the half-life 
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Fic. 2. g — q¢ plot of cyclopropane uptake experi- 
ment on subject GK, 38 F. 

—@€ Corresponds to measurements on ———— 
curve of Fig. 1. 

O Points of —@—curve plotted on enlarged scale. 
—~—-— Determination of k, by ¢—q method; 
first step of solution a, Fig. 1. 

—— -— Corresponds to solution c, Fig. 1. 


—— —— Corresponds to solution 4, (see text). 


T, = 0-693/k, = 14-2 min. The exponential 
e-*2! was computed and plotted against 
q,(t) (Fig. 5). A straight line, drawn in the 
time region 0-5—1-25 hr gave a q,-axis inter- 
cept of 12-7 per cent and a slope a, = 28-7 
per cent. 

The two exponentials thus far “peeled-off” 
cover the entire time period of the q(t) 
curve except for the small region at 0—0-25 hr. 
A third exponential was fitted in this region 
to pass through two points. A value of q. 
was first determined by inspection as an 
approximate average of the function 


qo(t) = q(t) — qe? — age*t (8) 


eG “Nhe 
ee 
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| Eni a oe 
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Fic. 3. Determination of a,. 


5 
-g(t),% /hr 
Fic. 4. Determination of k, by g — ¢ method. 
in the region ¢ = 0-5 hr to t = 8 hr. This 
value of g,, was 12:6 per cent. The third 
exponential was then chosen such that at 
¢ = O and at ¢ = 0-25 hr 
qo(t) — Yo = aye *s! (9) 
or, in the present case, with the estimated 
values q,(0) = 100 — a, — a, = 34-10, q 
(0-25) = 15-00, there results 
34-10 — 12-60 = a, 
15-00 — 12-60 = a,e~?2>*s 
Hence, 
a, = 21-50 per cent 
k, = 8-775 hr- and T, = 4:74 min. (11) 
The results of the preceding curve-fitting 
can be expressed in the form 


(10) 


hat 4 quest 


+9,(#) (12) 

For the case under consideration, the abso- 

lute value of the residue g,(¢) was at most 2-5 
70 , 

| | 

if $0 

| i 

tt) 


q(t) = qo + ae"! + age 


Fic. 5. Determination of ay. 
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Tasie 2. Comparison of exponential curve-fit solutions 
GK, 38 F 
qoo a, a, a 7, je T; 
(%) (%) (%) (%) (min) (min) (min) 
(a) 12-6 37-2 28-7 21-5 89-8 14-2 4-74 
(b) 13-1 37-6 29-3 20-1 84-6 13-8 4-32 
(c) 12-0 22-0 32-8 33-2 130 34-9 3-38 
(d) 4-0 1-1 2-1 —6-5 5:8 -2:8 —8-9 
(e) 4-8 —4] 14 54 45 146 -29 
EB, 36 M 
(a) 7:30 | 11-0 47-6 34:1 149 26:3 5-62 
(6) 7-41 10-9 48-6 33-2 146 25-8 5-54 
(c) 770 12-9 o1-9 2h-7 118 23-0 3-76 
| | 
(d) 1:5 —0-9 7 i | —2-6 — 2-0 -1-9 1-4 
(e) 5:5 17 9-0 | -19 -21 -13 33 
Note: (a) Solution by present method. 


(6) Least squares solution fitting unsmoothed data, 


Table 1. 


(c) Least squares solution fitting smoothed data, Figs. 1, 7. 


(d) = 100 {(4) — (4)}/(a). 
(e) = 100 {(c) — (a)}/(a). 


per cent and on the average 0-9 per cent of 
the smoothed q(t). The derived constant 
plus three exponentials, denoted as solution 
a, may be compared with the smoothed and 
with the unsmoothed experimental data (Fig. 
1, dotted curve). Two other solutions, 
denoted as 6 and c, were available.* ‘These 
approximate closely to a least squares fit of 
the logarithm of the given data and were 
determined by an iteration method on large- 
scale computing equipment. Solution 3b 
corresponds to fitting the smoothed experi- 
mental data. This fit is somewhat better than 
but close to, that of solution a, and is omitted 
from Fig. 1 for clarity. Solution ¢ corre- 
sponds to fitting the unsmoothed experi- 
mental data (Table 1). Although solutions 
band c agree with the smoothed experimental 
data in the last five hours somewhat more 
closely than solution a, all three solutions 
agree with each other to within the accuracy 
of the experiment. Nevertheless, the expo- 
nential parameters of solutions a@ and ¢ 
differ substantially (Table 2). One possible 
reason for this discrepancy is the well-known 


* These solutions were kindly derived and supplied by Dr. Mones Berman of the National Institutes of Health. 


insensitivity of the value of a sum of expo- 
nentials to wide but largely compensating 
variations in the exponential parameters." 
Another possible reason emerges when the 
straight lines representing the constant plus 
slowest exponential of the three solutions 
are compared with the g — q plot of the 
smoothed data (Fig. 2, enlarged scale). 
Solution c, which was derived by fitting the 
unsmoothed data, would have been sub- 
stantially obtained by the present method 
from the smoothed data if the first straight 
line of the peeling-off process had been 
drawn as in Fig. 2. This straight line 
is not incompatible with the smoothed data, 
but would represent in the present method, a 
judgement that a straight line drawn as 
indicated represents a physically significant 
exponential. In the present case it is thought 
that the type of non-linearity evident at long 
time in the plot of the smoothed data is 
outside the experimental error and represents 
a physical process taking place within the 
subject. Hence, any constant plus single 
exponential which is taken to represent “‘on 


Fic. 6. Semi-log ¢g plot of cyclopropane uptake 
experiment on GK, 38 F. 

—@— Corresponds to measurements on ———— 
curve of Fig. 1. 

~—-—Corresponds to slowest exponential of solution 
a, Fig. 1. 

—- Corresponds to slowest 
solution c, Fig. 1. 


exponential of 


the average”’ the last 6 hr or so of the experi- 
ment is at best a simplification, the extent of 
which is indicated by Fig. 2. It is noteworthy 
that the constant q., is much less sensitive to 
choice of straight line than is f,. The reason 
is that at ¢ = 8 hr, q(t) is fairly close to an 
equilibrium value so that, despite the non- 
linearity at long time in Fig. 2, any reason- 
able extrapolation would yield similar q, 
values. The non-linearity of the gq — q plot 
at long time may also help to explain the 
unsatisfactory results encountered with the 
methods cited in the Introduction. 

The indicated choice of a constant plus one 
exponential to fit the tail-end of the q — ¢ 
plot leads unambiguously to the necessity of 
two more exponentials to fit the data within 
the accuracy of the experiment. In this 
sense, the present method yields a minimum 
number of exponentials. More than three 
exponentials, or even an infinite sum of 
exponentials yielding functions such as 
t?, p <0, could also fit the data. Such 
possibilities cannot be excluded on the basis 
of the appearance of the g — q plot alone, but 
must be considered in the light of a physio- 
logical theory of the experiment. 

The semi-log-g method referred to in the 
Introduction provides a useful check on the 
results obtained with the g —q method 
in those cases where the data can be repre- 
sented fairly unambiguously by well-separa- 
ted exponentials. Where the deviations from 
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Fic. 7. Cyclopropane uptake experiment on sub- 
ject EB, 36 M. Rest of legend same as Fig. 1. 


linearity at large time of the q — qg curve 
become pronounced, however, (Fig. 2) the 
q — q plot is thought to be superior to the 
log (—q) vs. t plot. The latter (Fig. 6) 
probably gives an exaggerated prominence 
to changes in q at large time, which makes it 
difficult to interpret deviations from linearity 
in this region. 

In a second experiment (subject EB, Table 
1 and Fig. 7), for which exponential curve- 
fitting solutions of the types a, 6 and ¢, 
discussed above, were determined, the g — q 
plot of the smoothed data at long time was 
closely linear (Fig. 8). Solution 6 was very 
close to solution a (Table 2; in Fig. 7 these 
two solutions cannot be distinguished). 
Again, despite the agreement to 1 or2 per 
cent of solutions a and ¢ with thesmoothed g(t) 
data, the exponential parameters a, and 7; 
differ by 9-33 per cent (Table 2). The 
reason is seen in Fig. 8 where the initial 
straight line that would have led substantially 
to solution ¢c by the present method differs in 
slope by some 20 per cent from that leading 
to solution a although it is still a good 
approximation to the gq —q plot of the 
smoothed data for about the last 4 hr. Since 
it is not obvious that the process of smoothing 
the original data plus the further process of 
measuring the first derivative have removed 
the random error to within | or 2 per cent, 
one cannot say that solution a is better than ¢ 
in the last 4 hr. Hence, 7, and a, must be 
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Fic. 8. g — q plot of cyclopropane uptake experiment on subject EB, 36 M. Rest of legend same as Fig. 2. 


regarded as about 20 per cent uncertain, and 
similarly for the other a; and 7;,. ‘The equilib- 
rium value, g.,, is about 6 per cent uncertain. 
Substantial reduction of these uncertainties 


would appear to require an improved experi- 
ment in which the random experimental 
error is reduced to the order of | or 2 per cent. 


ANALYTIC FORMULATION 


A more general formulation of the present 
method will serve to show a connection with 
Prony’s method as well as to offer possibilities 
of application to more complicated situations. 
Consider equation (1) in the form 


0 =o = ye! + aye! +... (13) 


Differentiate repeatedly with respect to time 


—g =hae™! + kage’ +... (14) 
@—k7a¢°:' + kage + ..., ete. (15) 


One can now regard a,e~*1', ase’, ... as 


variables which can be eliminated from 
equation (13) by use of equations (14), (15), 
etc., and replaced by a linear combination of 
q, G, .... This elimination is conveniently 
accomplished by regarding these equations 
as an over-determined set of linear simul- 
taneous equations in the unknowns a,e~“' 
aye *2t,... Hence, the determinant of the set 
can be equated to zero. The resulting 
equation, with the notation D = d/dt and 


(16) 
(17) 


can be expressed as 
[(1 + 7D)(1 + 72D) 
x (1 +23D)...]f = 6. 


Equation (18) is, of course, the linear differen- 
tial equation with constant coefficients of 
which equation (13) is the solution. 

The previous “‘peeling-off”’ procedure was 
based on successive application of equation 
(18), specialized to one exponential in the 
form of equation (5). We next consider an 
“exact” type of application of equation (18). 
Suppose it is desired to fit two exponentials 
to a given portionof q(t) curve. Equation (18) 
can be written, for two exponentials, as 


(18) 


q = Jo — (% + 72) — T1729. (19) 
Compare equation (19) and equation (13) 
with two exponentials. It is seen that the 
transcendental dependence of q(t) on the ¢/7; 
in equation (13) is replaced in equation (19) 
bya linear dependence of ¢(¢) ong(t),¢(¢) with 
coefficients which are algebraic functions of 
the 7; Now g(t), g(t) can be determined 


from the given q(t) curve by either graphical 
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or numerical difference methods. Hence, 
equation (19), written for various values of ¢, 
yields a set of simultaneous equations from 
which the unknowns ¢.,, 7, + 72; 7172; can be 
determined. From the latter two quantities, 
7, and 7, can be determined as the roots 
of a quadratic equation. With 7, and 7, 
known, the exponentials in equation (13) are 
known functions of ¢. Equation (13), written 
for various values of ¢, then yields a set of 
simultaneous linear equations for 4, 4, 4. 

The preceding method of solution for two 
exponentials makes evident the analogy with 
Prony’s method. In the latter, the differen- 
tial equation (19) is replaced essentially by a 
difference equation satisfied by a sum of 
exponential functions for equally spaced 
values of ¢.49:15) Equation (19) seems more 
flexible in application than the difference 
equation approach via Prony’s method. One 
such application is given in the next section. 
Here equation (19) is applied to suggest a 
possible reason for the often erratic nature 
of the results using Prony’s method. 

Suppose one has a q(t) curve which is 
exactly a constant plus a single exponential, 
which fact is, however, not known. It is 
decided to fit the curve with a constant plus 
two exponentials by the preceding simul- 
taneous equation approach. One determines 
q(t), ¢(t) from the given q(t) curve without 
noticing that for this particular case the 
relation 


(20) 


l 
—=4(0 


Ty 


holds, as is necessary for a single exponential 
curve. Now, equation (20) reduces equation 
(19) to the one-exponential equation 

q =I — 719. (21) 
However, it is not realized that one is really 
dealing with equation (21). Instead, three 
simultaneous equations are derived from 
equation (19) by substitution of known values 
of q(t), g(t), g(t). These simultaneous 
equations, though valid, cannot be inde- 
pendent since, as shown by equations (20), 
(21), they are three equations for only two 
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unknowns, q.. and 7,. Hence, the solution 
of the three equations for the three apparent 
unknowns q., 7), 7: is indeterminate; 1.e., 
the determinant form of solution for 4, 
would give 0/0 and similarly for 7, + 7, 
and 747». 

The preceding discussion assumed perfect 
data in the form of precise knowledge of 4, 
q, ¢ for a one-exponential curve. Suppose 
q, ¥, ¢ are determined for a one-exponential 
curve containing a slight admixture of a 
second exponential and subject moreover to a 
random error. It is now, in principle, legiti- 
mate to use the simultaneous equation 
approach for two exponentials. However, the 
results for qx, 7, + 72) 71:72 May be highly 
inaccurate because they will each be deter- 
mined as the ratio of two numbers close to 
zero and thus subject to a large percentage 
error due to the random error in q, g, Gg. A 
similar situation prevails with more than two 
exponentials. Hence, if one overestimates in 
any given region the number of exponentials 
contributing substantially to q(t), the super- 
fluous, or nearly superfluous, exponentials will 
not automatically become small or zero, but 
instead will make the solution for qg,, and the 
7, indeterminate or almost indeterminate 
and hence produce spurious values of the 
non-superfluous 7; and gq. With the 
simultaneous equation approach, therefore, 
one must inspect the simultaneous equations 
for dependency.” If, taking account of the 
uncertainty of the data, they are judged 
dependent, the number of exponentials in the 
formulation must be reduced and the pro- 
cedure repeated (for a dependency criterion 
applied to Prony’s method, see Hovuse- 
HOLDER"®)), 

It may be of interest to note that the 
present analytical formulation can be gene- 
ralized to permit curve-fitting by functions 
more general than exponential, e.g. functions 
which satisfy linear differential equations 
with non-constant coefficients. To fit, for 
example, Bessel functions to given data, 
equation (18) is replaced by the nth order 
linear differential equation satisfied by a sum 
of n Bessel functions and the appropriate 
generalization of the present procedures 
applied. 
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POSSIBLE PROCEDURE FOR EXPONENTIALS WITH CLOSELY 
SPACED HALF-LIVES 


In the case of the g — q plot being curved 
near the tail-end but still considered repre- 
sentable by a sum of exponentials, the prob- 
lem arises of fitting an exponential in a 
given region while taking into account the 
contributions in this region of all other 
exponentials. The “‘peeling-off” procedure 
previously given can be generalized, so that 
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Fic. 9. g—q plot of sum of two exponentials 
of 50 per cent amplitude and | and 3 hr half-lives, 
respectively. 


systematic compensation is introduced for all 
exponentials other than the one _ being 
peeled-off. The procedure is given for a 
superposition of two exponentials. The formu- 
las are easily extended to the case of more 
than two. 

Consider a g — g plot which has no ob- 
viously straight portion in the region of 
interest, such as the region 3-8 hr in Fig. 9.* 
Equation (18) for two exponentials is 


(1 + 7,D)(1 + 7,D)f = 0. (22) 
In region 1, exponential a,e~""* is regarded as 
predominant and all other exponentials as 


perturbations. For this region equation (22) 

is, therefore, written as 
[{1 + 72(D + 7D*)} + nD] f= 0. (23) 
In terms of the dot notation Dg = q, D?q = 
g,e tion (23) is 
+ 72(¢ + 


714) = Ge — 1. (24) 


In equation (24) the term 7,(¢ + 7g) is 
regarded as small compared with q. The 
former term represents the influence in 
region | of the second exponential in pro- 
ducing a deviation from linearity of the 
q —qcurve. Inregion 2 we wish to plot just 
this deviation from linearity and obtain the 
second exponential from it. In region 2, 
therefore, equation (22) is written as 


{(1 +7,D) +7,D(1 +7,D)}f=0 (25) 


or, in dot notation, 


q+ 719 = Go — 729 + 719). (26) 
Now the calculation of +, and 7, can be 
attempted. The slopes of the q — q curve 
are measured. The inverse of these slopes, 
—dq/dq = q/—q are multiplied by the 
corresponding —gq to give g which may be 
plotted against gq and smoothed. One now 
has corresponding values of t, g, —q and @. 
From the g — q¢ curve, a slope 7, near the 
tail end is measured. The quantities —(q + 
7,q) and (q¢ + 7,q@) are computed and plotted 
against each other. By equation (26) the slope 
of the approximately straight line portion of 
this curve in region 2 is t,. The quantity 
T(¢ + 7,4) is computed. The quantity 
q+ 7(¢ +749) is plotted against —q. 
By equation (24) a new approximation to the 
slope 7, can be measured in region 1. The 
procedure is repeated until 7, and 7, con- 
verge to respective values. To complete 
the exponential analysis and obtain qg, 
ay, 43, least squares simultaneous equations 
might be set up for these quantities from 


q(t) 


with the 7,, 7, just derived. Alternatively 
one may use graphical methods again. ‘Thus 
q vs. e */"1 yields a slope a,. Theng — a,e~'/" 
vs. ¢ ‘/72 yields a slope a,. ‘Then q — a,e'/"2 


= Vx = a,e*/"1 = aye '/"2 (27) 


* If a portion of the g — g curve other than the tail end looks straight, such as from 0-25 to 1-5 hr in Fig. 9, an 
exponential can be fitted to this portion first, before fitting the rest of the curve. The g — g method does not require 
“‘peeling-off”’ progressively from the tail end forward. It requires only that, in the region of ‘‘peeling-off” an exponen- 
tial, all other contributions to g(t) (which need not even be exponential) behave sufficiently ‘‘like a constant’. 
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yields an improved slope a,. The process is 
continued until a,, a, converge to respective 
values. Finally, the average value of g — 
aye '/71 — aye~'/"2 is taken as qu. 

Preliminary application of the preceding 
procedure was made to a q(t) curve computed 
as the sum of a zero constant plus two expo- 
nentials of 50 per cent amplitude and of half- 
lives of 1-0 and 3-0 hr (Fig. 9). The procedure 
converged satisfactorily. The derived half- 
lives, however, were 0-82 hr and 3-09 hr. 
The derived amplitudes were 44-8 and 56:1 
per cent. The constant term was —0-9 per 
cent. The differences between the derived 
and the correct values were probably due to 
an approximately 10 per cent error in the 
measured g values. 

In the present procedure 7, and 7, are 
derived without knowledge or use of a, or 4. 
However, knowledge of g(t) is necessary. In 
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the “peeling-off” procedure given previously 
for well-separated exponentials, both 7, and 
a, had to be determined before 7, and a, 
without, however, the necessity of using ¢(t). 
Mixed procedures can also be envisaged in 
which 7,, @,, 7, are determined by “peeling- 
off’ without using g(t); then 7, is redeter- 
mined as in the present section, using 7, and 
q(t), but not using a,. Possibly all these 
variations should be considered in developing 
an optimum procedure for a given type of 
data. 
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A Large-Volume 4« Liquid Scintillation 
Detector 
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This detector has a scintillator volume of | ft.2 and a sample chamber 4} in. in diameter 
and 8in. long. Four 5in. photomultiplier tubes give a photocathode coverage of about 
10 per cent of the detector’s wall area. Good light collection efficiency results in the counter 
being relatively insensitive to source position in the sample chamber. The detector is housed 
in an iron shield providing 5 in. of shielding. Such detectors as the one described should 
find wide application, particularly in biological studies and clinical diagnosis. 


UN DETECTEUR LIQUIDE 47 A SCINTILLATION DE GRAND VOLUME 


Ce détecteur posséde un volume de scintillateur d’un pied cube (28 litres 30) et une chambre 
a échantillon de diamétre 4} pouces (10,8 cm) et de longueur 8 pouces (20,3 cm). Quatre 
tubes photomultiplicateurs de 5 pouces (12,7 cm) donnent une couverture photocathodique 
d’a peu prés 10 pour cent de la surface des parois du détecteur. Vu la bonne efficacité de 
recueillement de lumiére, le compteur est rélativement insensible a la location de la source 
dans la chambre a échantillon. Le détecteur est situé dans un protecteur de fer qui donne une 
protection de 5 pouces (12,7 cm) Les détecteurs tels que celui indiqué ici devront trouver une 
grande utilisation, surtout dans les études biologiques et dans le diagnostic de clinique. 


FRU TRUM CUMHTMWJIJIAWMOHHbIM JIETEKTOP BOJIbBIIMX 
PASMEPOB C TEJIECHbIM YIJIOM 47 

CUMHATHIUIANMOHHEI OO bem CueTuHKa paspeH 1 KyO.dbyry, a pasmMepbr Kamepbr 44 Ha 8 
juolimos. Uerntpe 5-q10iimoBErx MOTOyMHOMUTeIA OOeCHeUMBAIOT NOMA Welicraun oro- 
KaToya, PaBHylO IpuMepHoO 10 Mpowentam OOulel M1omaqu CTeHKM JeTreKTOpa. Bwaaroyapa 
BLICOKOM adekTUBHOCTH POKYCHPOBKU CBeTa, CYeCTUMK OTHOCHTeIbHO HeYYBCTBHTeJIeH K 
NOO7+CHHIO MCTOUHHKAa B KaMepe. JeTeKTOP 3all[MUleH *KeIe3HbIM KO7KYXOM, OOecTieuHBa- 
iouuM 5-j0lMOBOe DKpaHupoBaHnne.- JlereKTOpbI, MOOOHbIe OMMCAHHbIM, J{OJIKHEI HaiiTH 

WwupokKoe IpHMeHeHHe, B OCOOeHHOCTH B OMONOIMM WM KIMHMYeCKOM [MarHocTuke. 


EIN GROSSVOLUMIGER 47 FLUSSIGKEITS-SZINTILLATIONS-DETEKTOR 

Dieser Detektor hat ein Szintillatorvolumen von 1 ft? und eine Probenkammer mit den 
Ausmassen 4,25 in. im Durchmesser und 8 in. Lange. Etwa 10° der Wandflache des Detek- 
tors werden von den Photokathoden von vier 5 in. Photomultiplierréhren erfasst. Das gute 
Lichtsammelvermégen bringt es mit sich, dass das Gerat fiir die Lage der Quelle in der Proben- 
kammer relativ unempfindlich ist. Der Detektor ist mit einem Eisengehause umhiillt, das 5 in. 
Abschirmung entspricht. Detektoren der beschriebenen Art sollten besonders in biologischen 
Untersuchungen und in der klinischen Diagnose eine weite Anwendung finden. 


Previous studies") have shown that large- large samples. These detectors sacrifice 
volume 47 y-ray liquid scintillation detectors precise energy discrimination for short count- 
are capable of rapid and accurate determina- ing times and high sensitivity. 

tion of small quantities of radioactivity in The detector (called PUSAC, Purdue 
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University Small Animal Counter) described 
here results from a desire to follow, by zn vivo 
methods, retention and excretion of various 
y-emitting radioisotopes in experimental 
animals (mice, rats and guinea-pigs). ‘This 
detector has proven ideal for such studies 
since only very small doses need be adminis- 
tered to the animals and the need for 
sacrificing is obviated. Such detectors should 
be very useful in any study where small 
amounts of a y-emitting radioisotope need 
to be determined in large samples (i.e. 
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plants, soils, water, urine, tissues, monitoring 
for contamination, etc.). In addition, studies 
being carried out at Los Alamos Scientific 
Laboratory®) have shown that liquid scin- 
tillation counters such as the one described 
here have many possible applications to 
clinical diagnosis (i.e. determinations of renal 
function, liver function, red cell survival, 
etc.). 

The detector’s primary advantages are 
short counting times, ability to use large 
samples and high efficiency. 


DESIGN AND CONSTRUCTION 


The detector shell* was made of old iron 
(1937) and has a liquid scintillation volume 
of 1 ft.§ The overall dimensions of the 
detector are 8 in. long, exclusive of the four 
photomultiplier tube holders, and 16 in. in 
diameter (Fig. 1). The photomultiplier tube 
holders are 6 in. in diameter and 6} in. deep. 
When filled with liquid scintillator the 
detector has a solution thickness of 6 in. and 
an 8 in. length. The sample chamber is 
41 in. in diameter and 8 in. long, and the 
chamber wall was made of 0-032 in. stainless 
steel. The front of the tank was dished to 
increase light collection efficiency. Four 
holes approximately 5? in. in diameter and 
coinciding with the photomultiplier tube 
holders were made in the back plate of the 
detector for viewing of the scintillator solu- 
tion by the photomultplier tubes. Windows 
made of double-thickness window glass were 
cemented in place over those holes with 
Armstrong A-6 Adhesive which is resistant 
to the scintillator solvent. These windows 
permitted ease in mounting and removing 
the photomultiplier tubes and result in 
little loss in light collection efficiency since 
the value of the refractive index of the glass 
compares favorably with that of the scintil- 
lator solvent. Prior to cementing the win- 
dows in place, the interior of the detector 
was painted with a special reflective surface 
of anatase titanium dioxide in an epoxy 
resin base to improve light collection. 

Removable plugs were located at the 


Liquid 
scintillator 


Dumont 5in 
photomultiplier 


Dumont 5 in. 


photomultiplier scintillator 
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Fic. 1. PUSAGC, a large volume 47 liquid scintil- 
lation counter. 


upper and lower edges of the back plate to 
permit filling and emptying of the detector. 
Reagent-grade toluene was used as the 
scintillator solvent. The primary solute used 


was p-terphenyl (5 gm/l.) and POPOP 
(1,4-di-[2-(5-phenyloxazolyl)]benzene) (0-5 
gm/l.) was used as the secondary solute. 
After filling the detector, argon gas was 
bubbled through the solution to remove 
dissolved oxygen. De-oxygenation of the 
solution improved the pulse height by about 
30 per cent. 

In mounting the photomultiplier tubes, a 
rubber O-ring was placed around the an- 
terior end of each tube envelope to act as a 


* The shell and the shield were constructed by W. H. Johnston Laboratories, Inc., Lafayette, Indiana. 


Fic. 2. Aside view of PUSAC with photomultipliers 
mounted, 


Fic, 3, A rear view of the detector in place in the 
iron shield. 
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Fic. 4. A front view of the iron shield. 


Fic. 5. Electronics used for PUSAC. Panels from 
top to bottom are high voltage distribution panel, 
high-voltage supply, scaler, electronic sweep, 
pulse-height analyzer, amplifier and master switch. 


A large-volume 4m liquid scintillation detector 


filler between the tubes and the inside of the 
tube mounts which serves to hold the tubes 
in a constant position with respect to the 
windows. A bakelite retainer ring was placed 
around the base of each photomultiplier 
tube and fastened to the steel tube holders. 
This held the tube firmly against the glass 
window and made the entire tube mount 
light-tight. Liquid petrolatum* (U.S.P.) 


was used to optically couple the tubes to the 
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windows. Fig. 2 shows a side view of PUSAC 
with the photomultiplier tubes mounted, 
and Fig. 3 is a rear view of the detector in 
place in the shield. The shield (Figs. 3 and 
4) consists of rolled iron to provide 5 in. of 
shielding; a 5 in. thick iron plug (which can 
be seen lying under the shield in Fig. 4) is 
used to shield the back of the detector, and 
a 5 in. movable plug shields the front en- 
trance to the sample chamber. 


ELECTRONICS 


Four Dumont 6364 (5 in.) photomultiplier 
tubes are used in this detector with no at- 
tempt being made to select low-noise tubes. 
The photomultiplier bleeder circuits are 
conventional. A well-regulated high-voltage 
supplyt provides positive voltage to the 
photomultiplier dynodes through a voltage 
distribution panel (upper part of rack, Fig. 
5). The latter permits separate adjustment 
of high-voltage on each tube. The anodes 
are connected in parallel and feed into a 
pre-amplifier (gain of 50). The signal is 
then fed into a non-overloading linear 
amplifier with a variable gain of 100-8000. 
The overall gain used in normal operation 
is 5000. The output from the pulse amplifier 
is fed into a pulse-height analyzer. The 
signal output is then fed simultaneously to a 
scaler and an electronic sweep, the latter 
incorporating a count-rate meter. The 
electronic sweep replaces the analyzer manu- 
al channel level control and automatically 


sweeps through the entire spectrum, or any 
selected part thereof, over selected time 
periods (4 hr). The output of the count- 
rate meter is fed into a 10 mV recorder 
which provides a curve of counting rate vs. 
channel level. 

The rate meter and recorder are kept in 
continuous operation to detect nonstatistical 
fluctuations in average count rate due to 
electrical interference, drifts in electronics 
and as a monitor for changes in background. 

Gain balance of the photomultiplier tubes 
was achieved by placing an Fe®® source in 
the geometric center of the sample chamber 
and individually adjusting the high voltage 
on each tube such that radioactive iron 
peaked at 20 V on an oscilloscope. In sub- 
sequent experiments it was found that an 
adequate balance could be achieved by 
adjusting the high voltage so that each tube 
gives the same counting rate from a Cs13’ 
point source. 


OPERATING CHARACTERISTICS 


In determining the operating character- 
istics of PUSAC, measurements were made 
of background, effect of shielding on back- 
ground, spectral response to Cs!8? and Fe®?, 
counting efficiency, sensitivity and the effect 
of source position within the counter on 
relative counting efficiency. 

Integral pulse-height spectra of back- 
ground of PUSAG, inside and outside the 


iron shield, as a function of discriminator 
level is shown in Fig. 6. In addition, Fig. 6 
shows integral pulse-height spectra obtained 
for Cs187 and Fe®?. 

It can be seen from the spectrum of back- 
ground (Fig. 6) with the detector inside the 
shield that photomultiplier noise and back- 
ground increase abruptly below a discrimi- 
nator level of one. 


*In subsequent experiments it was found that solid petrolatum or Dow-Corning-200 silicone grease were 


better coupling agents. 


+ Electronic components of this modified spectrometer were selected from Radiation Instrument Development 


Laboratory, Inc., Chicago, Illinois. 
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Fic. 6. Integral pulse-height spectra of background 
inside and outside shield, Cs!*7 and Fe®®. 


When an Fe®® standard* (1-25 wc) was 
placed in the geometric center of the sample 
chamber and counted integrally at various 
discriminator levels, it was found that a 
maximum efficiency of 30 per cent occurred 
at discriminator level of 0-1; at a discrimi- 
nator level of 1, the efficiency dropped to 
22 per cent. 

The differential spectral response of large- 
volume liquid scintillation counters is not 
adequate for precise energy discrimination. 
However, where there is sufficient difference 
between y-energies (i.e. if they differ by a 
factor of 2), the difference between pulse- 
heights of the Compton peaks will be ade- 
quate for their differentiation. Fig. 7 shows 
differential spectra of Cs!8” and Fe®® obtained 
in PUSAC. The middle of the Compton 
peak of Cs!87 occurred at a pulse-height of 
2-3 while the Fe5® peak occurs at 4-3. The 
half-resolution™® for Fe®® was 30 per cent 
and 37 per cent for Cs!8’. 


arbitrary units 


rote, 


Counting 


Fic. 7. Differential spectra of Cs!37 and Fe®®. 


In studies where a single known radio- 
isotope is used, as in many biological studies, 
differential counting would give a better 
signal-to-background ratio than integral 
counting since, by “‘straddling”’ the Compton 
peak with the analyzer window, only the 
background under the peak is seen. Since 
the Compton peaks have a width of several 
volts, a wide variable window on the analyzer 
is necessary. 

The sensitivity of the detector was deter- 
mined by integrally counting a standard 
with the discriminator level set at 1. The 
sensitivity of the detector was such that an 
Fe®® standard containing 0-016 wc in 5 ml 
of water in a glass vial was counted with an 
efficiency of 30 per cent in 60 sec of counting 
time with a counting error of less than | per 
cent. 

The efficiency for a Cs!87 point source was 
determined as it was moved in increments of 
1 in. along the central axis of the sample 
chamber from front to back. Fig. 8 shows 
the effect of source position on the relative 
counting efficiency as the source is moved 
farther from the photomultiplier tubes. The 
highest efficiency is obtained in the center 
(4 in. from either end) of the sample chamber. 


* Type RS-59 obtained from Nuclear-Chicago Corporation, Chicago, Illinois. 
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Fic. 8. Effect cf source position on the relative 
counting efficiency. 
(a) Actual efficiency 
(b) Calculated efficiency. 


A principal reason for the good light collec- 
tion efficiency of this detector is due to the 
relatively large portion of the detector’s wall 
area covered by the photocathodes (approxi- 
mately 10 per cent). 

The detector is currently being used in an 
investigation of retention and excretion of 
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various medicament forms of iron and the 
effect of route of administration and chemical 
form on the biological half-life using Fe®® as 
a tracer. Mice are used as the experimental 
animal in these studies. A primary advan- 
tage of this type of detector for such turnover 
studies is that it allows repeated counting of 
the live animal, thus permitting serial obser- 
vations on the same animal. In addition, 
where the animals are small, several animals 
can be counted simultaneously which permits 
accumulation of large amounts of data in a 
short time. 
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Liquid Scintillation Counting of 
Tritiated Water 


(Received 15 March 1960) 


In the liquid scintillation counting of tritiated water, 
both single photomultiplier and two-photomultiplier 
coincidence systems have their advocates and a 
comparison of their basic advantages was therefore 
of interest. 

Under optimum conditions of operation, we have 
obtained, at room temperature, with a single photo- 
multiplier* selected by the manufacturers, an 
efficiency of 19 per cent for 1 ml of tritiated water in 
15 ml of Kinard scintillator” with a background of 
22 counts/sec of which 16 counts/sec are due to 
thermionic noise. The sample bottles were of pyrex 
coated with an antimony oxide diffuse reflector, and 
the flat bottom was placed in contact with the 
photocathode without any optical coupling fluid. 

The photomultiplier dark current contribution to 
the background is reduced by cooling, as shown in 
Fig. 1. True thermionic emission obeys the Richard- 
son—Dushman equation and at 5°C is seen to be 
almost negligible in comparison with another effect 
which may be due to sparking or field emission. 

The rise time of the output pulse due to a scintil- 
lation is determined largely by the time spread of 
the electrons in the photomultiplier (10~® sec) and 
not by the decay time of the scintillator (2 « 10~® 
sec) and it is nearly the same as that of a thermionic 
electron. Thus, as expected, no significant improve- 
ment was obtained in signal-to-noise ratio by reducing 
the length of leads and load resistance to a minimum. 
Similarly no improvement should be obtained with 
an amplifier rise time less than approximately 0-01 
sec, neither was any change in signal-to-noise ratio 
found when the photomultiplier voltage was varied 
from 800 to 1200 V. The high voltage was therefore 
selected and this made it possible to use an amplifier 
with a gain of only about one thousand. 

Long-lived phosphorescence in the scintillator 
makes it very difficult to use this apparatus for rapid 
measurements of samples in ordinary laboratory 
lighting. Phosphorescence of the pyrex sample 


* Type 9514S EMI Electronics Ltd. 


Counts /sec 


Temperature, °C 


Fic. 1. Variation of photomultiplier dark current 


with temperature. 


container has a relatively short decay time and is 
negligible in comparison with that from the solution 
which is not consistent and can raise the background 
by a factor of 2 or 3 and persist for many hours. To 
reduce this effect, long dark adaptation of the sample 
or preparation in a darkened room is necessary. 
Alternatively, as only single photons are involved, 
phosphorescence pulses can be suppressed by biasing, 
at the expense of overall sensitivity. 

When two photomultipliers are used in coincidence, 
the counting rate due to random emission of electrons 
from the photocathode, whether they are thermionic 
or caused by phosphorescence, is reduced to negligible 
proportions. Using a resolving time of 0-3 usec, 
single-channel random counting rates up to 104/min 
can be tolerated before the accidental coincidence 
count rate exceeds one per minute. The tube and 
phosphorescence “noise’’ are always less than this in 
practice at room temperature, so this means that 
cooling is not required and that samples can be 
counted immediately they are prepared. 

An investigation of the background components 
using two photomultipliers with their photocathodes 
in contact showed that the background of 64 counts/ 
min was composed of: (1) true random coincidences 
(both by calculation and delaying one channel), 
0-02 counts/min; (2) cosmic radiation (using a 
Geiger—Muller anti-coincidence ring), 9 counts/min; 
(3) light interaction (using opaque screens), 50 
counts/min, and (4) remainder (possibly natural 
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Technical notes 


radioactive contamination), 5 counts/min. The 
cosmic ray pulses are much larger than those due to 
tritium and can be subtracted electronically. The 
light causing coincidences travels from one photo- 
multiplier to another in a narrow annulus outside 
the photocathode.) When this light path was 
blocked with an annular ring of black paint, the 
coincidence count rate due to light interaction was 
reduced by a factor of two. 

The efficiency was 7 per cent with a cylindrical 
bottle containing 0-5 ml of water in 10 ml of Kinard 
solution) slipped into a hole in a block of perspex 
to which the photomultipliers were optically coupled. 
The background was 60 counts/min with a 4 in. lead 
shield and a top-level discriminator to reject pulses 
bigger than those due to tritium beta particles. 
Using a cylindrical cell, having flat ends in contact 
with the photocathodes but with no coupling fluid, 


an efficiency of 16 per cent was found for 0-5 ml of 


water in 25 ml of scintillator. 

J. F. GAmMERON 
Isotope Research Division I. S. Boyce 
Wantage Radiation Laboratory 
Wantage, Berks. 
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Liquid Scintillation Counting of C4 
Plasma Proteins Using a Standard 
Quenching Curve 


(Received 1 April 1960) 


SEVERAL reports have appeared indicating the 
feasibility of measuring the radioactivity of C!4-labeled 
protein samples simply by dissolving in hyamine 
(Hyamine 10X Crystals, p-(diisobutylcresoxyethoxy- 
ethyl)dimethylbenzylammonium chloride monohyd- 
rate, Rohm and Haas Co., Phila.) and counting in a 
liquid scintillation counter.;?) These reports descri- 
bed the use of an internal standard to compensate for 
the quenching effect?) of the dissolved proteins on 
the actual counting rate of the samples. Such a 
procedure involves a second count for each sample. 
It was the purpose of the investigation reported in this 
paper'®) to simplify the procedure even further. This 
was accomplished by introducing the use of a standard 
curve to overcome the quenching problem. By the 
use of this standard curve, which can easily be deter- 
mined for each new batch of hyamine if necessary, 
only one count per sample is required to determine 
actual activities. In a recent report,” other possi- 
bilities for simplifying the liquid scintillation counting 
of blood and tissue proteins are discussed. 
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Fic. 1. Log of observed counts per minute (CPM) 
vs. weight of protein in each sample. The straight 
lines shown were calculated by the method of 
least squares. SP = normal human serum protein, 
BA = bovine albumin. 


The following procedure was used in preparing and 
counting the samples. The hyamine solution, 
approximately equivalent to 1 M base, was prepared 
according to the procedure of PAssMAn et al.8). The 
samples of protein, ranging from 0 to 80 mg, were 
dissolved in 3 ml of the hyamine solution in vials 
(28 x 61 mm, low-potassium glass vials from 
Wheaton Glass Co., Millville, N.J.) in which was 
placed a measured amount of pi-lysine-6-C!-HCI. 
Solution was accomplished by heating and shaking for 
5 hr at 65°C in a Dubnoff Shaker which was then 
automatically turned off. The next morning, all 
samples were diluted with 10 ml of toluene containing 
0-6 per cent 2,5-diphenyloxazole (DPO) and 0-02 per 
cent 1,4-bis-2-(5-phenyloxazolyl) benzene (POPOP), 
shaken thoroughly and placed in the deep-freeze. 
Blanks for background counts were treated exactly 
the same way except for the addition of the p1- 
lysine-6-C!4-HCl. Counts were taken the next morn- 
ing on a Tri-carb Liquid Scintillation Spectrometer, 
Model 314, with settings at Tap 6, 1060 V, and 10— 
100 V window. 

Two standard quenching curves were prepared 
from two separate batches of hyamine, one using 
normal human serum protein (SP), the other bovine 
albumin (BA). 

From the data obtained, the two straight lines 
shown in Fig. | were drawn on a semi-log plot on the 
basis of calculations by the method of least squares. 
The two lines are almost identical in slope. The 
use of a standard quenching curve, as illustrated, 
should greatly simplify the problem of multiple 
sample counting in investigations concerned with 
protein samples that can be obtained free of inter- 
fering colored materials. Using this method, and 
knowing the sample weight and the observed count, 
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the actual sample count can be obtained from the 
standard quenching curve. 
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Note added in proof: Liquid scintillation counting is 
growing very rapidly. It is also shifting its field from the 
very low-energy /-emitters such as C14 and H® where the 
technique is not so much ‘‘necessary’’ as ‘‘desirable’’. 
During the development of this technique, the concept of 
*‘quenching”’ has shifted from a pure electronic quenching 
as used in Geiger tubes and such devices, to a much more 
important concept of ‘‘quenching”’ which is determined by 
such things as the transfer of energy from the isotope 
through various chemical systems to the counting mecha- 
nism. The result, changed counting rates, is the same in 
chemical or in electronic quenching. However, the older 
definition of quenching is not vitiated. The newer concept 
of chemical quenching is probably not yet completely 
shifted. The importance of the article by Toporex lies in 
the description of a procedure for correction in the face of 
a changing concept of ‘‘quenching”’. 


Simultaneous Estimation of Several 
Radioactive Nuclides 


(First received 2 March 1960 and 
in revised form 11 April 1960) 


WHEN several radioactive species are used simul- 
taneously in a tracer experiment, the activity of all 
the nuclides must be measured in each sample. This 
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note describes a general method of doing this, which is 
applicable to any number of nuclides and in par- 
ticular points out the simple way in which the cali- 
bration can be made. Several accounts have been 
given™—®) of methods for analysing particular mix- 
tures and in some cases they have involved the solu- 
tion of simultaneous equations for each sample. This 
is not necessary; the solution of simultaneous equa- 
tions can be restricted to the calibration, and there- 
after the measurements of each sample can be 
reduced by a simple calculation. 

If n different radioactive tracers are being used, 
then in order to determine the activity of each nuclide 
it is necessary to measure each sample with a set of n 
radiation detectors which have different sensitivities 
for each nuclide. Such detectors must have a linear 
response to radiations (after correction if necessary) 
and must be used under precisely defined conditions. 
The same instrument may be used under two dif- 
ferent conditions to provide two distinct detectors, as 
for example by using different absorbers, by using 
scintillation counters at different parts of their spec- 
trum or by repeating the measurements after a time 
interval. 

Let U, be the set of n readings that a sample 
causes in the set of n detectors, and let A, be the 
activities of the n different nuclides in the sample. 
Since radiation detectors respond independently 
to the radiations from a number of sources, then the 
reading of each detector will be a linear sum of the 
activities of each of the n nuclides in the sample. This 
can be represented by the following set of equations, 


U, ae Eby Ag: (1) 


Now, provided the determinant of the matrix (b,;) 
does not vanish, the A,, can be written as a linear sum 
of the U,, 


A, = 2 )a;.U; (2) 


where the matrix (a;,) is the inverse of the matrix 
(b),.), and can be determined by measuring a set of n 
known calibrating samples. 

In dealing with multiple tracers one should recog- 
nize that the activity of each nuclide in a sample can 
be calculated simply as a linear sum of the readings of 
each detector, as shown by equation (2), after the 
matrix (d;,) has been determined by a calibration 
procedure. The calibration should be made by 
suitable substitutions into equation (2) and no 
reference need be made to equation (1). 

If the determinant of the matrix (5,,,) vanishes, then 
equations (1) are not all independent and that set of 
detectors will not give enough information to deter- 
mine uniquely the activity of each nuclide in the 
sample. In this case it will be found that the cali- 
bration method described later will not give unique 
solutions for the matrix (a;,). 
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The case for two tracer nuclides will be presented 
in detail and in a form that can be readily extended 
to the general case. Consider the two isotopes Fe®? and 
82P, and the use of two detectors, a scintillation 
counter and a Geiger counter, both suitable for 
counting a 10 ml liquid sample. Let U, and U, be 
the counting rates (less background) of a sample 
measured with the scintillation and with the Geiger 
counter, and A; and A, the activities of the Fe®® and 
the 8*P in the sample. Then the general equation (2), 
enables the following to be written down for this case, 

A, =aU, + bU, ; 

A, =cU, + dU, (3) 
where a, 6, c and d are constants of the set of two 
counters and remain the same as long as the charac- 
teristics of both counters remain unchanged. When 
once determined, the constants need only be checked 
at infrequent intervals, if the counter characteristics 
are stable. 

Now, equations (3) hold, with appropriate constants, 
when the activities of the nuclides A; and A, are 
measured in any valid set of units. There is one set 
of units, however, that has the special property of 
making the calibration particularly simple and this is 
the set that measures the activities in units of a 
detector reading. It is particularly fortunate that it is 
also a natural way to measure the activities and is 
commonly used in practice. Denote the activities of 
the nuclides in these units by F, and P,. Thus an 
activity of F, units of Fe®® will cause the scintillation 
counter to give a counting rate of F, counts per unit 
time, and similarly the Geiger counter will give P, 
counts per unit time for P, units of P??. The equations 
(3) can now be written as 

F,=aU, + 6U, 

Feit, 4 a, (4) 
where the constants are appropriate to these units of 
activity. 

The constants a, 5, c and d in equations (4) can be 


determined simply by counting with each counter, 
two calibrating samples, one containing Fe®® only 


Tasie 1. Specimen work sheet. 
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and the other P®? only. Because of the particular 
choice of units of activity, it is not necessary to 
prepare the samples with known activities, except 
in so far as they should give convenient counting 
rates. Let the counting rates (less background) of 
the two calibrating samples by the two counters be 
Sst 4: fs; and p,. Because these samples contain one 
nuclide only, it follows from our choice of units of 
activity that the activity of the two calibrating 
samples are f, and p,. Hence, by substituting the 
counting rates for each sample into equations (4) and 
rearranging them, two sets of simultaneous equations 
are obtained, 


af . 7S bf, 
ap, + bp 
ox fs sD df, 
bg =; E dp, (5) 
from which the constants a, 6, c and d can be calcu- 
lated. 

The calibration for a particular pair of scintillation 
and Geiger counters that was used in a biological 
investigation, was 

F, = U, + 0-004U, — 0-059U, 
P, = U, + 0-:004U, — 0-068U,. 


Table 1 shows the calculations in full for a few typical 
samples as they appear in the working note book, and 
shows how simple they can be; a slide rule gives more 
than adequate accuracy. Of particular interest to 
note is the sample 5 which was known to contain only 
the one isotope. Here measurement by the one 
counter only was needed and no adjustment was 
necessary. Also shown in the Table are the counting 
rates for the two calibration samples from which 
the constants in equations (6) were calculated. In bold 
type is shown the reduction of these counting rates by 
equations (6) as though they were ordinary samples, 
showing that a correct result is obtained. This, of 
course, is only a check that the constants in equations 
(6) were calculated correctly, but it is instructive in 
showing how the method works, in particular why 
a and d are different from one. 


g 
and 


U, and U, counting rates (counts per minute less background) of 


scintillation and Geiger counters. F, and P, counting rates due to Fe®® and P® content of sample 


Sample No. U, + 0-004U, — 0-059, 


+ 0:004U, — 0-068U, 


< 
a 
2? 
= 


671 
765 
906 
1447 
1636 


—5 
—78 


Calibration 1296 
Calibration 78 


—46 

52 
—62 
—98 
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The merits of measuring the activities of the nuc- 
lides in the samples in units of a detector reading are 
that the activities of the calibrating samples need not 
be known, that in favourable circumstances the calcu- 
lations become very easy as shown by the example in 
equations (6) and that if a sample is known to contain 
only one nuclide only one measurement need be made. 
In many tracer experiments the measurement of 
activities in arbitrary units is all that is necessary 
though there are advantages in using the curie or its 
submultiples. Conversion to microcuries can be made 
later if wanted and, if the activities of the calibrating 
samples are known, they can be used to provide the 
calibration necessary for this, but it is often more 
convenient to keep other sources for this purpose. 

Theextension to n tracer nuclidesis straightforward ; 
n calibrating samples are needed, each containing one 
nuclide only. The solution of n sets of n simultaneous 
equations is needed to get the constants of equation 
(2), but thereafter the reduction of each sample 
requires only simple multiplication and addition. It is 
important to notice that no accurate information is 
needed about the radiations given off by the nuclides 
or about the characteristics of the radiation detectors; 
the calibration procedure makes all the measurements 
that are necessary. However, some knowledge of the 
properties of the radiations and the detectors is 
valuable in deciding which is the best set of detectors 
to use. It is clearly desirable, as far as possible, to use 
the detectors in such a way as to give a big differen- 
tiation between each nuclide. This would be shown 
by all but one of the constants in each of the equations 
(2) being small. This ideal cannot always be obtained 
and an examination of the constants of equations (2) 
will show how accurate the simultaneous estimation 
of the various nuclides is likely to be and at what level 
the activity of any one isotope is liable to swamp any 
of the others. 

It is important that, when the set of detectors has 
been decided upon and calibrated, the characteristics 
of each detector in the set be maintained strictly 
constant. In particular, if differentiation between 
two nuclides of different half-life is made by counting 
the sample again after a time interval, then when 
once decided upon this time interval must be exactly 
the same for all samples, including the calibration 
samples. In the same way, if the radioactive decay 
of any of the nuclides is not negligible during the time 
taken to measure the sample by all the detectors, then 
this effect can be completely taken account of by 
making the measurements in a fixed order according 
to an exact time schedule, again including the cali- 
brating samples. 


C. W. GILBERT 


Christie Hospital and Holt Radium Institute 
Manchester 20 
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Spectrométrie du Rayonnement X Excité 
par une Source Radioactive Emettrice 
de Rayonnement £8 


(Received 17 March 1960) 


L’EXCITATION du rayonnement X caractéristique d’un 
élément par un rayonnement f émis par une source 
radioactive a fait l’objet de nombreux travaux 
destinés a mettre au point des sources de rayons X 
portatives.“-4) Coox et al.) ont montré que la 
spectrométrie du rayonnement X excité par un 
rayonnement / au moyen d’un cristal était difficile- 
ment applicable a l’analyse chimique par fluorescence 
X par suite de son manque de sensibilité; en effet: 

(1) L’intensité des sources radioactives actuelle- 
ment disponibles est faible si on la compare a celle 
des tubes a rayons X utilisés en analye par fluor- 
escence X—X. 

(2) Par suite de la forte absorption des rayonne- 
ments f de faible énergie, on est obligé d’utiliser des 
rayonnements f assez énergiques pour que le faisceau 
d’excitation ait une intensité suffisante au niveau de 
l’échantillon; dans ces conditions, le rayonnement X 
de freinage produit dans |’échantillon et l’appareil- 
lage, donne un bruit de fond important. 

(3) Enfin, une proportion importante du rayonne- 
ment f est rétrodiffusée par l’échantillon et ce 
phénoméne contribue aussi a l’augmentation du bruit 
de fond. 

On a pu, cependant, réaliser un appareil de mesure 
d’épaisseurs de dépéts et d’analyse chimique par 
fluorescence B—-X en effectuant la spectrométrie du 
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rayonnement X au moyen d’un compteur pro- 
portionnel scellé couplé a un spectrometre y de 
maniére a améliorer la sensibilité de détection, 
évidemment au détriment de la résolution de l’analyse 
spectrale du rayonnement X secondaire. De plus, 
un aimant permanent était utilisé pour dévier le 
rayonnement f rétrodiffusé et l’empécher de pénétrer 
dans le compteur proportionnel.'®) 

En vue d’améliorer d’une fagon radicale la 
sélectivité de cette méthode, nous avons évalué 
expérimentalement l’activité minimum d’une source 
de rayonnement f qui permettrait d’effectuer la 
spectrométrie du rayonnement X secondaire par un 
cristal, suivant la technique utilisée en analyse par 
fluorescence X—X. 

Pour faire cet essai, nous avons utilisé une source 
expérimentale de prométhéum!’ un spectrométre a 
rayons X focalisant ARL type XSQ, et des cibles de 
cuivre et de fer pur. 

Le Pm!4? est un émetteur B (Emax 0,223 MeV, 
période 2,7 ans). La source de Pm!’, de forme 
rectangulaire (11 x 16mm) avait une activité de 
4 curies. Le Pm’, sous forme de chlorure, était 
déposé sur du polystyréne par évaporation. Le dépét 
était protégé par deux feuilles de mylar de | mg/cm? 
de masse superficielle. Les cibles étaient placées a 
10 mm de la source et, dans ces conditions, l’intensité 
du rayonnement f recu par la cible représente 
environ 6 pour-cent de celle correspondant a la 
désintégration des 4 curies de Pm!4’. 

L’ensemble source-cible était monté dans le 
spectrometre a l’emplacement prévu pour |’échantil- 
lon, mais la géométrie du montage imposée par 


Cible de Cuivre 
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lappareil n’était pas la plus favorable. Le spec- 
trométre ARL—XSQ (X-ray Scanning Quantometer) 
possédait deux goniométres a balayage du _ type 
parfaitement focalisant dont les cercles de Rowland 
avaient pour rayons 4 pouces (101,6mm) et 11 
pouces (279,4 mm). Les cristaux étaient en fluorure 
de lithium taillés au rayon 2R et courbés ensuite au 
rayon R du cercle de Rowland correspondant. Pour 
cette manipulation, nous avons utilisé le goniométre 
de 4 pouces dont les fentes primaire secondaire 
avaient été ajustées 4 0,7 mm d’ouverture. Le cristal 
couvrait ainsi un angle solide lui permettant de 
recevoir 1 pour-cent environ du rayonnement émis 
par la cible. Le détecteur utilisé était un compteur a 
rayons X Anton type 203 a remplissage argon- 
halogéne. Son mouvement propre était de l’ordre de 
1 c/sec. 

On a placé des écrans de plomb pour protéger le 
détecteur du rayonnement X direct de freinage 
produit par la source. Leur épaisseur totale était de 
28 mm. 

La figure représente les résultats obtenus en 
effectuant les mesures de l’intensité du rayonnement 
X diffracté dans la région spectrale des raies K,, dans 
le cas de la cible de cuivre et de fer. La longueur 
d’onde portée en abscisse était l’indication lue sur le 
cadran du spectrométre. Dans le cas du cuivre, le 
rapport signal sur fond (déduction faite du mouve- 
ment propre du détecteur) était de l’ordre de 9, dans 
le cas du fer de 5,6. On notera que la résolution de 
la raie n’était pas excellente car la largeur des fentes 
d’entrée et de sortie était relativement grande. 

Nous avons également procédé a des essais en 


: Point expérimental (+ 2c) 


Cible de fer 


1,60 
AA 


0 
1,90 


Fic. 1. 


6A--(4 pp.) 
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utilisant comme rayonnement d’excitation, le rayon- 
nement f de 2,18 MeV d’une source de un curil de 
(Sr9° + Y®) placée & 30mm de la cible, et le 
goniométre a balayage de 279,4mm (11 pouces). 
Malgre l’utilisation d’un aimant de 1800 Oecersted 
destiné a dévier les électrons rétrodiffusés, nous 
n’avons pas pu distinguer sans ambiguité la raie Ky, 
du cuivre, le cuivre, le bruit de fond da au rayonne- 
ment X de freinage étant élevé (de l’ordre de 10 
chocs/sec). 
A la lumiére de ces essais, il semble possible 
d’envisager l’utilisation d’un spectrométre a cristal 
pour analyser le rayonnement X excité par un 
rayonnement f et d’étendre a la fluorescence /—X les 
méthodes de la fluorescence X—X. Pour parvenir a 
ce résultat il convient: (1) d’utiliser un émetteur # 
mou comme le Pm!’, de grande activité spécifique; 
(2) de réduire l’absorption du rayonnement f émis 
par l’isotope radio-actif: (a) en diminuant l’épaisseur 
du dépét radio-actif et par suite l’autoabsorption. 
Dans le cas de prométhéum, il semble que le dépot 
par électrolyse puisse apporter une solution a ce 
probléme'?); (b) en diminuant le plus possible la 
masse superficielle de la fenétre de protection de la 
source, pour réduire l’absorption du rayonnement 
par la fenétre; (c) en rapprochant la source de la 
cible pour diminuer l’absorption par lair ou en 
opérant sous vide; (3) d’étudier une géométrie 
compacte permettant d’obtenir la plus grande 
intensité possible de rayonnement f au niveau de 
V’échantillon; (4) d’améliorer le rendement de 
diffraction du cristal; (5) d’utiliser un détecteur 
tres sensible permettant de diminuer le bruit de fond 
par discrimination d’amplitude des énergies (comp- 
teur a scintillations ou compteur proportionnel). 
A partir des résultats que nous avons obtenus et 
compte tenu des améliorations que nous venons 
d’indiquer, les calculs montrent qu’il devrait étre 
possible de détecter la présence de concentrations 
inférieures a 1 pour-cent de cuivre et de fer dans un 
échantillon en utilisant une source d’une centaine de 
curies de Pm14’, 
G. SEIBEL* 
P. MArTINELLIT 
H. Francot 

* RSID. 

+ CEA (France) 

* Applied Research Laboratories Inc., Lausanne 
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Histological Autoradiogram of Soluble 
Compounds 


(Received 1 April 1960) 


Durinc the course of studying the relative ability of 
malonic acid and diethyl malonate to penetrate 
into skin, an autoradiographic technique, useful for 
soluble compounds was sought. However, such a 
technique was not available” and the present article 
presents the technique which was developed in our 
laboratory in order to investigate percutaneous 
absorption problems. 

In the routine preparation of the histological paraf- 
fin sections, the tissue must go through formalin, 
water, alcohol, xylene and melted paraffin. The 
water-soluble labeled compounds may dissolve in the 
very first step—fixation. As for compounds soluble in 
organic solvents, they will be expected to dissolve 
later in the process. In order to prevent the loss of the 
labeled compounds, different techniques have been 
developed.) However, none of these are equally 
useful for water soluble compounds as well as organic 
solvent soluble compounds. Ofall approaches, cutting 
of the tissue in the frozen state is believed to be most 
desirable. This has been done with the freezing 
microtome,'®) but this method is not useful because of 
condensation of moisture from air. Cutting of the 
tissues in the frozen state has also been done by 
operating the microtome in a sub-zero cold room.') 
The latter technique was improved by TAUGNER et 
al.4.5) with the cryostat") instead of cold room. The 
procedure developed by them is, however, only 
feasible for hexane insoluble compounds. In addition, 


Fic. 1. Hematoxylin and eosin stained (16 mu) of Fic. 2. Apposition of specimen (from Fig. 1) and 
guinea-pig skin. ( 85.) its autoradiogram with photomicrographic focus 
on the autoradiogram. The autoradiogram was 
obtained by 7 days of exposure on X-ray film 
(Eastman Kodak ‘“‘No-screen’’). — ( * 85.) 


2a 
33 327 20°-° 31 FZ FE” 


Fic. 3. (a) Hematoxylin and_ eosin _ stained (b) The corresponding autoradiogram obtained 


sections (16 js) of guinea-pig skin and marks by 7 days of exposure on X-ray film (Eastman 
31, 33”? and “35”? by C™ radioactive ink. Kodak “‘No-screen’’). (_ < 4 approx.) 
(x 4 approx.) 
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their technique did not permit the apposition of the 
histological specimen and its autoradiogram. 

Soluble compounds impose a second difficulty to 
autoradiography. They preclude the application of 
the technique of BELANGER and LeBionp"®), Evans(27), 
Peic8) and Jorres and Warren) because 
of diffusion during the operation. Direct contact 
between the emulsion and the histological specimen 
is likely to be a more dependable way to obtain an 
autoradiogram. After exposure, the emulsion and 
the specimen must be treated separately. Such a 
method thus imposes the problem of alignment of the 
stained histological specimen and its autoradiogram. 
To attain the alignment, radioactive ink was found to 
be satisfactory. Radioactive ink, for the purpose of 
histoautoradiography, was made up by mixing “‘glass 
ink” with any stable non-volatile substance labeled 
with an isotope which should have a long half life and 
weak beta particle. “‘Glass ink”, unlike ordinary ink, 
can endure the process of histological preparation. In 
addition to the purpose of obtaining alignment, the 
radioactive ink was useful for the preparation of a 
comparative autoradiogram. In comparing the 
activity of different histological sections, it was 
necessary for the exposure time, the emulsion develop- 
ment, and the fixing process for each preparation to 
be the same. The most desirable comparative 
autoradiogram is that in which the different histo- 
logical sections have been exposed on one and the 
same emulsion. Radioactive ink also helps to distin- 
guish the autoradiograms obtained from different 
histological sections. 


Method and results 


Guinea-pig skin, to which the radioactive compound 
had been applied, was excized and fixed on a micro- 
tome holder with a gel made of 5% gum Tragacanth 
in 0-85% sodium chloride. To avoid the possibility 
of diffusion, the gel was not employed in excess 
nor was it allowed to contact the portion of tissue 
under investigation. The specimen was then immedi- 
ately immersed in liquid nitrogen until it was frozen 
(approximately 1 min, depending on the size of 
specimen). The tissue was put into a —20°C cryostat 
(Harris Co., Cambridge, Mass.) and cut into sections 
8-16 uw thick. During the cutting, curling was avoided 
with the help of a camel hair brush. By means of the 
camel hair brush, the histological section was 
transferred to a slide. Since the next step required a 
bare hand inside the cryostat, the lower part of one of 
the gloves of the cryostat had to be readily removable. 
After the glove was taken off, with the other hand 
holding the slide by the edge, a finger tip was placed 
in contact with the slide beneath the histological 
section. The warmth of the finger tip warmed up the 
histological section which then adhered to the slide 
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and did not come off. During this operation, the fan 
of the cryostat was stopped momentarily to prevent 
the specimen from being blown away. The slides were 
then put in an air-tight container and taken out of the 
cryostat. 

The slides were not removed from the air-tight 
container until the inside temperature was equalized 
with the outside, otherwise the moisture in the air 
would condense on the histological sections. The 
slide with the histological sections was then labeled, 
at appropriate spots on the slide, with radioactive ink 
(prepared by mixing approximately 2:5 ml of red 
glass ink, Clay Adams Co., 2 ml of distilled water and 
approximately 1-3 wc of uniformly C-labeled p- 
glucose). The autoradiogram was obtained by direct 
contact between specimen and emulsion in an air- 
tight light-proof container which was placed inside a 
—20°C freezer in order to prevent bacterial growth. 
The contact was kept close by applying pressure. 
However, such pressure should not be so great as to 
produce artifacts. Artifacts were detected by 
immersing part of the slide into a solvent, so as to 
remove the radioactive material, and then making an 
autoradiogram. The portion of the slide immersed 
into the solvent showed no darkening on the auto- 
radiogram. 

After exposure, the cold emulsion was kept air tight 
to prevent moisture condensation until the emulsion 
warmed up. The histological sections and exposed 
emulsion were then treated separately. ‘The histo- 
logical sections were fixed in 85 % alcohol for 5 min. 
At this point, hematoxylin and eosin staining was 
carried out. The staining duration for hematoxylin 
was | min and eosin was | sec. During the histo- 
logical preparation, care must be taken to avoid 
touching the radioactive ink which was _ finally 
mounted with Canada balsam along with the histo- 
logical section. The alignment of the histological 
section and its autoradiogram was obtained by viewing 
through a magnifying glass the labeled ink on the 
slide and the corresponding area of darkening on the 
autoradiogram. 

Figs. 1 and 2 show the cross-section of guinea-pig 
skin and its autoradiogram by this procedure. 


Discussion 


The procedure described above for the autoradio- 
gram is believed to be useful for the soluble com- 
pounds, because there was little chance of losing the 
labeled compounds by diffusion into the solvent. The 
only occasion in which the tissue is in contact with a 
liquid is during the quick freezing in liquid nitrogen. 
However, the temperature of liquid nitrogen is 
—195°C which not only freezes most substances but 
also imparts to them an extremely low translational 
kinetic energy. Under these circumstances, diffusion 
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of most substances is very unlikely. To test whether 
there was diffusion of labeled compounds used 
during freezing, the vacuum flask which had been 
used for the freezing operation was tested for radio- 
activity, but no activity was found. 

As with many other new techniques, this procedure 
may be improved. The procedure could be modified 
slightly by placing the cryostat in a dark room with a 
safety light, so that the entire operation would occur 
within the cryostat, from the introduction of the 
frozen specimen to the production of the autoradio- 
gram. Such modification would have the advantage 
of quicker processing which is desirable for short- 
lived isotopes. Furthermore, this modified technique 
is believed to be useful for the autoradiography of 
semi-fluid materials such as may be found in sections 
of the eye containing vitreous humor. 

An additional improvement is to use tritium’) or 
some suitable «-emitter instead of C™ as an ingredient 
for the radioactive ink. With high resolution film, 
such as nuclear track or stripping emulsion, the ink 
marks would be sharper, and consequently more 
accurate alignment between specimen and its auto- 
gram could be secured. It is postulated that align- 
ment with the aid of an improved radioactive ink 
may be superior to the present available optical 
methods. 12,2?) 

During the course of writing this communication, 
it was noticed that Hott et al.) had also used radio- 
active ink containing P32, The darkening of the 
emulsion by this ink is blurred and incomplete, 
thus it was obviously difficult for them to secure good 
alignment. Two factors may have contributed to 
such results. They are (1) because the f-particle from 
P82 has a much higher average energy, the ink 
yields autoradiograms with less sharpness than do 
most other beta emitters'4) and (2) because of its 
short half-life, P®? is not suitable for preparation of a 
radioactive ink. Fig. 3 shows that radioactive ink 
used in this work gives a better darkening on the 
emulsion than that reported by Hott et al. 

Finally, it should be mentioned that the procedure 
described here was primarily designed for the detec- 
tion of soluble radioactive compounds. However, the 
technique is believed to be equally valuable in reveal- 
ing the insoluble as well as soluble compounds. It is 
a total autoradiographic technique. The demonstra- 
tion of insoluble compounds, however, was not 
stressed in this procedure, because they have been 
investigated by the conventional methods. 


Acknowledgements—The author wishes to express his 


gratitude to Drs. Apo_pH RosTENBERG JR., and 
M. E. Rareson Jr., for their guidance and en- 
couragement. He also thanks Dr. RutH Wonc for the 
information on the cryostat and Drs. S. L. BonTInG 


Technical notes 


and HERMANN MATTENHEIMER for permission to use 
their cryostat. 

Tao Huane 
Department of Dermatology 
College of Medicine 
University of Illinois 
Chicago, Illinois, U.S.A. 


References 

. FirzGERA.p, P. J. Lab. Invest. 8, 67 (1959). 

. Hott M. W., Cowinec R. F. and Warren S. 
Science 110, 328 (1949). 

3. OstER H., Kunpr H. W. and TauGner R. 
Arch. Exp. Path. Pharmak, 224, 476 (1955). 

. TauGneR R., Hore H., Gricoreir G. and 
WAGENMANN U. Arch. Exp. Path. Pharmak. 234, 
330 (1958). 

. TAUGNER R. and WAGENMANN U. Arch. Exp. Path. 
Pharmak. 234, 336 (1958). 

. Wirten V. H. and Hotmstrom V. J. Lab. Invest. 
2, 368 (1953). 

. BLank H., McCarrtuy P. L. and DELAMATER E, 
D. Stain. Tech. 26, 193 (1951). 

. WINTERINGHAM F,. P. W., Harrison A. and 
Hammonp J. H. Nature, Lond. 165, 149 (1950). 

. Cotrer H. F. and Essex H. E. Proc. Soc. Exp. 
Biol., N.Y. 63, 243 (1946). 

. MELLGREN, J. Exp. Cell. Res. 3, 689 (1952). 

. GALLIMorRE J. C., BAvER E. C. and Boyp G. A. 
Stain Tech. 29, 95 (1954). 

. STERLING C. and CHicHEsTER C. O. Stain Tech. 
31, 227 (1956). 

. RusseLu R. S., SANDERS F. K. and BisHop O. N. 
Nature, Lond. 163, 639 (1949). 

. FirzGerRALp, P. J. Analytical Cytology p. 381 
(Edited by Mettors R. C.) McGraw-Hill, New 
York (1959). 

. LinpeRsTROM-LANG K. The Harvey Lectures 34, 214 
(1938-1939). 

. BELANGER L. F. and LeBionp C. P. Endocrinology 
39, 8 (1946) 

. Evans T. C. Proc. Soc. Exp. Biol., N.Y. 64, 313 
(1947). 

. Perc S. R. Nature, Lond. 160, 749 (1947). 

. Jorres D. L. and Warren S. J. Biol. Photogr. Ass. 
23, 145 (1955) 

. ODEBLAD E. Acta Radiol. 39, 192 (1953). 

. FirzGeraAp P. J., Erpinorr M. L., Knott J. E. 
and Sime E. B. Science 114, 494 (1951). 

. Macnusson G. and Opesiap E. Exp. Cell. Res. 6, 
525 (1954). 

. Hott M. W. and Warren S. Proc. Soc. Exp. Biol., 
N.Y. 73, 545 (1950). 

. WAINWRIGHT W. W., ANDERSON E. C., HAMMER 
P. C. and Lenman C. A. Nucleonics 12(1), 19 
(1954). 


GRAFTON CHASE: Principles of Radioisotope 
Methodology. Burgess Publishing Co. Minn., 
1959. 286 pp., $6.50. 


Principles of Radioisotope Methodology is designed as a 
laboratory manual, emphasizing methods and _ pro- 
cedures. Specific laboratory techniques are included 
in the volume which was reproduced by an offset 
process. An important feature of the book is the 
inclusion of blanks for the experimental data. This 
approach has distinct advantages for the beginner in 
radioisotope work, and it is for this group that Dr. 
Cuase has prepared the manual. A very concise 
statement of the theoretical material related to the 
experiment is included, although there is probably 
not enough detail given to permit the book to be used 
independently of other text material. It is unfortunate 
that this material is not adequately referenced, 
although an appendix gives a fairly complete list of 
pertinent published material in a _ chronological 
setting. The book will be quite useful for a relatively 
elementary course in the use of radioisotopes. Some 
of the experimental procedures are reprinted directly 
from the U.S. Pharmacopeia. 

The appendix material includes a series of lecture 
outlines for the theoretical portions of a course, 
although there is no indication as to specific sources 
of information on the various topics. An excellent 
set of problems and other valuable material are 
contained in the appendices. In general, one can 
say that it is an excellent book for its purpose. 


R. T. OveRMAN 


C. C. H. WasHTELL: Radiation Counters and 
Detectors. George Newnes, London, 115 pp., 
YAH 


Tue book is written to provide an outline of the 
design and use of counting devices to new workers in 
the field of radioactivity in research, medicine and 
industry. In this aim, the book succeeds. Readers 
with little previous experience of counters and 
counting techniques will derive the most benefit 
from this volume. 

It is pointed out in the preface that the explanation 
of detector characteristics is non-rigorous, in the 
interest of conveying basic principles to newcomers 
in the field. The volume commences with a short 
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historical account of radioactivity and atomic 
structure and then proceeds to describe the gas-filled 
type of detector. The opening paragraph on pro- 
portionality (p. 17) does not make it clear that the 
output pulse from a proportional counter is propor- 
tional to the energy lost in the counter by the incoming 
ionizing particle (i.e. to the initial number of ion 
pairs formed) and is not necessarily proportional to 
the applied anode voltage. The section on Geiger— 
Miiller counters provides a very useful introduction 
to the many designs and includes a most compre- 
hensive list of commercially available types together 
with their characteristics. Ionization chambers and 
proportional counters are briefly described in a 
separate chapter. 

The section on scintillation counters contains much 
factual information on the various designs in common 
use and includes a list both of commercial tubes and 
scintillators. Experimental arrangements of counting 
geometries and collimators are also briefly described 
in the text. 

There is little mention of associated electronics in 
the book, which omission helps focus attention on the 
detectors themselves. Promise is made of a further 
volume dealing with the electronics. 

A chapter on the important topic of dosimetry 
completes the book. The paragraphs dealing with 
permissible dose rates should now be read in con- 
junction with the Recommendations of the International 
Commission on Radiological Protection which were 
adopted after this book was published and which 
have recently appeared in print. (Pergamon Press 
1959). 

R. A. ALLEN 


Radiation Biology. Edited by J. H. Martin, 
Butterworths Scientific Publications £3.3s. 
(Academic Press Inc., New York, $11.00). 


Tuts book consists of a series of papers read at a 
meeting of the Australian Radiation Society in 1958. 
Apart from three contributions on radiation chem- 
istry, one on physics and one on laboratory design, 
all the work described is of a biological nature. As 
always happens in conferences of this kind, some 
authors have simply reported the latest development 
in their particular field, while others have produced 
comprehensive reviews of fashionable topics. The 
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more noteworthy reviews in the present volume, 
which should be read by all those concerned with 
biological effects of ionizing radiation, include four 
by L. H. Gray on cellular radiobiology, three by 
J. F. Loutit on medical problems and one by W. D. 
Jackson on the life span of mutagens produced by 
irradiation. S. Dilli and J. H. Green have produced 
a useful survey of organic syntheses achieved by 
radiation. 

The editor has clearly not found it easy to arrange 
the heterogeneous material presented here. Very 
few of the papers include summaries or abstracts and 
there is no name index. The printers have made a 


Book reviews 


good job, especially with the figures and tables: I 
detected only two mis-spelt words in three hundred 
odd pages. However, after reading the book the 
reviewer feels the price is rather high. If reports of 
conferences are to be printed at all, it might be 
better to accept a much lower standard of editing, 
printing and binding in order to reduce this cost. I 
am assured that all scientific books are out of date in 
five years. Conference reports are often out of date 
at the end of the Conference, since much of the work 
they describe has by then been published elsewhere. 


H. J. M. Bowen 
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